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ABSTRAOT

StatÍstieallÍs the etudy of the eopp€re lead, ztne, go]'d, and

silver content of the ore reserves ef fifty-twe Canadían base metal

d.eposits sugge€Ès that greaùer quantittee of gold re3etfve to t}¡e

emou¡rt of sihrer are assoeiated vnith sulsride deposits ec,mposed.

essentially of eopper and zine" Where lead and zÍne are the dominant

sul-ptrides pnesent, the amount of goJd rel¿t'íve to sÍlver is generalJy

l-ess and silver íe often the only eignifi-cant pneeious nßetal" ptreeenf.

It ís suggesÈed that gold is eoneentrated Ín basie and Íntornediaåa

igneous rocks and eilver 1s conce¡rtrated in seådi"c Ígneous rocks.

precåCIr¡s netaL assoeiatlons ln t}¡ree speeifie base !ûetel- deposifs

ære &s follows; gold and silven are díreetJ.y pn"oporÈfonaL to eopper,

lead, and zine aÈ the llernillon l¿ke l{íne, silver ås direet,ly pro-

portfona} to eopper aÈ the Geco Måne, ad gold ard. Ei}rer are

direetly pnopor€lona} to copper at the F}[n FLon Míne" Further,

statistiEaL studles of the meta} contents. of the oros of these

three rgínes suggesb bha€ the eeonomåc naetals have bee¡r deposlted

contenporaneously by bhe inJeetlon of a singtr-e ore fluid (eulphide

rnelt) or by depsition, aù alnost consËant, tøperature ard pressuree

fræ a hydrotherraal fluid and that the metaLs were then distributed

aad deposited aeeordlng Èo seae partieular distribrttlon or prtition

ratío between the one fluid and the geologic enrrlror¡nent of the

depoolt"
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Disiribution studiee of elarnents i"n sil-ieate roeks eoniribute

so much to ou:: laroruleclge of ÈÌre origi.r: of 'chese roeks that it seemee

desårab1e *o extend thÍs t¡rpe of investígation to the dístributlon

of the meùalLie elements in ore bodies"

Studies of netatr distribut'ï ons ån co]:per'-Tlicketr deposils have

already yielded some renårkably eonsistent results vrith respeet to

metal rat,ios* In eonsequeneee i"t uas deeÍded t,o extencl this forn of

ínvestigation to eopper-lead-zinc deposíts eontai-ning preeious me'b*

alg, Exaninatíons to*date on the eoryositi-orus of such deposits

ha.ve åndieated that eorne noteworÈhy rela'r,j-o¡esTdps exist ancl tha'b

the composii;j-on of na"ny of these deposils exhibit reasonøbly eonsi-st*

ent meÈal ratåos" The resrilts of sueh studies rua¡' eont*ibute to ei¡s

howledge of the naried origins sf these ore deposit,s, and in turn,

influenee the pJ"anning and the course of operations onployed in the

seareh for ¡nore ore,

To aeirieve thi.s oì:jee'blvee asså,y daia fe'om måning properti.es

and prospec'bs has been statistically anel;rzed* I&:eh of the data

requåred for this sÌ:udy is readily availahle at all mines and ¡nueh

of ít v¡as deri r¡eci fyom pubJ.Íshed report,s in volumes su-eh as the

#anadian i4tnes i{a,ndbook, "i;he iüorthern i4iner tdeekþe Surveys of I'Linss,

and in the teehnieal journals*
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tempi3"ation and analyses of eueh assay data from a Large nu¡nber

of minlng ope::a.tions ç¡ould no doubt indica'ce some Íqportant ruetatlis

ratio trends" rt Ís the aín of this thesis to test the potenti-al-ity

of sueh statistieal analyses for indÍeating arty t:"ends that may add to

oi:r howledge of the genesis of such ore deposits and the meta3. å.ssoc-

iai;ion eontainecì therein" The body of thís peper is a progress reporb

on a eontinuíng s'budy wirich wilL eontinue to gr.orr as new data and

methods of handling such data are fo¡:nd"

$åatepe;Í . sL"tþe -lrqþ reu

The recent fnterest Ín nietal dist;ribution studi es has init*
iated nev¡ trends in studying ore bodies. It has been sta.tistieo.J"ly

slror,m (Witson and "Anderson, 3959> 'ohat Canadian sulpir-ide deposits

generally have eompositions eontaining characteristic ¡aeial ratios,

F'urther, statis¡ieal studies of the eomposítlons of Canadi.sn ore

deposits have suggested. that the int,erAreta.tion ef paragenesÍs may

be wrong.

The purpose of this thesis is, fn general, tvro fold"

Fírst}yu fnom a statistieal study of the Guu Pbu Zmu Ãv, and.

Ag content of the ore reserves of fifty-truo Canadian base metal

deposíts, it is hoped that some spoeifie relatlonship between the

base roe'bals and the preeious netal"s ean be díscove::ed"

$eeondþu the Cu, Pb, V'n,,Auu and Ag eontents of three spec*

ífie Canadian Gu - Pb - Ën deposits have been studied in detail to

det,ermineå (f) the distribution of the netal ratios, and (Z) tne

existenee of a specifie base metal * preeious metal association
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ån each deposit and if sueh ratios and associatÍons have any bearång

on the genesis of -,,he ore"

3.qh$-0-Håede€rrrçnlc

The urÍter u'ishes to ihank the fotlor^iing mining Conpanies ç¡ho

aontril¡uted data for the present study; Geeo F¡ines Linited, l{udson

Bay Miníng and Smeltíng Gornpany limitedu and the Vermition Lake Mine

of Consolidated Sudbury Basin Mines Lin-ited.

A speeial note of thanks ís due Dt" H"D"B, lfilson who suggest-

ed ttre irrohl"em and gave guidance and c:"iticisin du.ring the study, anrl

to Dr. G"l'f' Bror,meLl and Dr" B'8" Ferguson, for tÌreir helpful com-

mentg"

The rsriter also erbends aekno'o¡ledgemen'bs to Dr. D"T, .4.nder"son

uho aceumulated mueh of the data used in this studrs and to rqr coll*
ea"glres at rhe university of i.{anitoba for their many stimurating

díøeussioils of the problern,

Fr-eqåqiiç--?iqrg

consÍderable v¡orlc has been eorpLeted on base metal distrib-
utions for tanadian ore deposits. The raost significant etudies

eonclu-ded to-date are those by tdilson (fçE:), and Anderson (tçSçj"

Data on the distribution of the preeious metals Ín canadian ores

are generally lacking fn published- form.

Stantont s ( fEEg) investigaÈion $¡as confined to su}phÍde ores

which are eonformable r¿ith enelosing sedimentary formations, lfilson

ancl Anderson ( Lg5g) have generarty tírnited thelr researeh to canad*

lan ore denosits, their study beíng essentially a statisticel anaþsis"
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TtrÍ-s paper ås a- eontinuing study u$ing their methods and r¿ith a si'øíI-

ar objectiveu but deal-ing only u'itir tu * Pl¡ - ffin and tu * Zn deposits

containing soile precious rnetals"

The dist::ibution of elenenis in sulphide ore deposits aceording

to ltritson and Andersotr ( L959) o suggests that eûppere }ead, and øinü

&,re deposited siriultaneousl-y in rela,uivel"y constant proportions

rather than sr¿ceessi-veþ ln, a paragenetic seeüÊnc€a Zoning roey be

due to different' ratios of neials being deposited under changing

temperaturee pressureu and ehe¡ir:ieai- envj"ronnent'u or may be the ree-

ul"t of other processes. it{etals are produced from mâ.ny ore bodi-es

i-n almost the same ratios year aftei- yeere or nelr öro reserves måJr

ha-¡e uetal ratios al-most ídentieal to those in ore produeeri in

past years. The conclu$i on seemÊ valid that Canadian ore bcdies

contaínång aoppere Lead, or zínc do have eharacteristic coirposit'ione"

fa.rìa.tions in these compositions may be due to genetie factors which may

be diseovered by stu.dying the variations ín the coinposítions"

It is apparent from l-fileon and Andersonts (fg5ç) study

t,hat dominant eopper-uinc eombinations (Ín 'i,he Canadian Sh:i-etds)

are eharacteristicall;' ¡¿1*ted to gabbros and dÍorites; Load*zinc

eombi¡rations e.re related to granite; and high zinc r+ith moderaÈe

eopper and lead åro assÐeiates of inbermediate rocks"
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THE DISTRIBUTION 0F ELEÌ,ffi{TS Iïí rt CRTST;{LITUII,]G Ì,rAGi,A

Tlfe_i:{aeqetie Envirqpue$t

'fugma is essentfally a hot sil_icate melt and is the paren'b

materiar of igneous rocks" The fornation of igneous rocks ean be

observed ín voleanÍc regions, but considerable magme sotidifies

within the crust of the ea"rth a.nd thc roeks "bhus formed can only

be observecl v¡here erosion elposes the,n at, tl¡e sr:rface,

Igneous rocks are no'b th.e oni.y products of erystalliøation

of a magrna. ln additíon to the rnajo:: rock forning e3-ements sueh

as 0u Sie Al"$ Ca, I'þu Fe, l{au and K-u magmas also contain mlnor am*

ounts of almos'b ai-l the remaining elements" the progressive

crysi;alJ-ization of ralnerals from a magüF. results in a concentration

of many of these minor elenents in tLre residuar J"iquid ineruding

voLatile matter such as H2ou co2s N2, compounds of sulphr:r arrd

boron, HCl, and HF" ]''b.gma rieh in water gives ríse to pegmatites

and h¡rdysthermal solu'r"ions. Thus, the magma progressively gives

rise to four types of mineral oecurrenceå (I) *S.reeus roeks, (Z)

pegroatites, (3) nyArottrernal deposits, and (4) fume.role deposits,

The most i-mportant base r¿etal deposi-ts âre developed in the znag-

natie and hydrothermal ¡ihases"

Fr.ps!åqse LC rxÊ !c I L&gqþ.r en

The formation of nagrnas of different eompositions ean be

explained by fractÍone}- erystai-Iiøation of a basaltie magma and



the ee1raratíon of resrdua.l melts cf different eomposítions, l,Þ.ny

varietiee of igneous z'oelc represent the end pnoduec of su-clr roek

differentiaiion proeesseÉ, Ðifferentiation cannot be attributed

to an;' one meehanisnr. Cr¡'s¿u-11-tzation dj-fferentiation, s.ssinút-

ation, mingling of magmasu etc" e lu&Jr eaeh have p3-ayed its part

and there may be stj-ll other proeesseË of r+hich tittle j-s eurr*

ently knolrn,

Easic and ultrabasic rocks, sucÌr as du::ites, perido'bites,

pyroxenites, and gabbros are generally considered to Lrave formecl

frem erystallization or er¡rs¿ulltzat,ion different,iation of the

early formed basj-c ninerals frorn a eooling basaltie melt" Renoval

of t'hese basie niinerals from the systern yields a ::e,siclual J-iquid

enrigi'red jn acid eon'rponents, Accorcling to Bowenis roaction prín*

eitrrJ-e, the frac'bional elT'Êtallization of a basaltie melt under

slritab3.e eonditions c&n l-ead to the sueeessive formation sf more

silieeous þageas until- finally' a granitic eouiposiiion ís rearhecl"

Eaeh of the roeks ln the diffe::entiatiorr sequence posses

a chara.c'berisiÍe mineral assernblage, and the mínerals in each

rock iype have ch.aracteristie ehemieal eonrpositions" The eart*

iest forming crystals r+ill be olivine and pyroxene and these

erystals i"rill contain rnore magnesiuna than the olir¡ines and

pyroxenes formed 3-ater, SimilariÏ-y, the early plagioclase Hil-l

be enviehed in eal-eium rela'oive to sodium, tontinued differon-

tiation yields plagioclose progressiveS.y enriehed in sodium "'¡ith

respect' to ealcir-rm' sítica undergoes a very signifi cant e Ìrenge
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ån åbe d$.fferentåaååon peeeesse gradtrally åmereaeizg frøm &gÉ ¿n

wltrabaei-e roeks $o approNlma&eTy TtTl ån granrT.Ëesu Generally, mag-

¡res$.a deereases ån ameunb frem appæoximateþ 25% iw un&rabaale

reeks ts abæt, :.É ¿n grarr{.bes'

Chemåea4 4raeëlona€1o¡r by Magps& ie- GPgq "ðaLU.øatLgn

The sålieabe mÍ-neraJ.s erys&a3.1*zf.ng from e Bå98å rwovø from

å$, aot only the abr¡darú element,su hrt al"so süher traee LtthophlS.e

elesenbe whose loníe såøe aM'eoordieatåsn nrember,enablee &hem to

enter the ery'staL str"Betures of these ninerAle' Shue'¡Écke3" ås

3.arge}¡r eamouflaged ís! the oLlv$.ne strsetune lm *5.eh L6 ff¡þstí&utee

for mgnesåung ga1l5.um sìÂbstíèutee for afu¡nåwn {rr e}mi.cþsåIåeaÈeø¡

titanåum, vaaadåun, ard. manganese are Ïargel¡r remowed. ån Èhe f,erro*

magne6ían mlneratrs"

The llthephLne eXements whíeh do mst, readlþ subs&ltute f,or

the naJon elenents ån the essentåal m{.¡reraLe of tgneørs roeks re*

main ån søL¡¡tion apd he¡ree are enrlchd ln t,he resldual }Í.qufde of

nagmatf.e eryeta]l-tzablo¡r* These eS.emen&s, sqeh as Be, ldu Sn, IJ, &å,

et,e"e roafn3y cryo8allåue as eæponenbs of mfnerale ån psgmeÈltss

ad hydro$hersal" vefns,

ChaleophlLe el.ement's la a ms.gma eomblne wåth sulphur ad

Xeeeer amounts of aneen$.e, antimorryr, bÍsm,ùh, oeì.enfume eIãå teXl*

unlus &o fore suXpÈrådeø ard, relaåed eompourds, Pyrrhotièe a.rd

pyrlte melr seprate f,rom e megnte at an earåy sÈage of erystali.fs*

aû{.on, biråÈ ffiLphLde mfnerel"s eharaeterletlaalþ sogregate et a

Seter stage ad, are ultf-mateþ deposlüed frem hydrothemaL veíns.

The separaÈion of suïphldes f-s depndenû upon ühe Low &hermal"
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eüabåålty of most eui.phide mineraLs aryå also upon a suff*eLent con=

eent'ration of sulpFrur i.ons ln the magmaø sul@j.des are aleo removed

during sílíea&e erystallLizatåon w?ren the eoneentration of nrlphmr

i"s at ite maximmu There fs sæe queståon of whe&her oulphur con*

eenbrates in a l¿te ¡*raee. ArøIy&lca} studíes of zulphldes ån å6-

neous roeks indlcates that, si}leegt¡s magrss,s are m¡eh poorer årr

eul.plru,r tha¡r baEåe nagma.s (Hewhouee, 1g36)"

fhe progreselve erystall$.øa&$.on of a magæ reeulbs in the

formatlon of a reeLdua} lfqrrld eld a eoneen&ration of the volatfle

¡natt'er present in the ¡nagm&o These reel&raL eofu¡ülone glve rfse to
eor¡taeÈ meta,morpÈric one deposits, hydrotheimatr velns and pegmatlgee.

chemieaL and geologLeal evldence åndieateE that the reEåduaL mert

f,rcrn the fraetÍorsl erysta].lisatåon of a magma wJ.rtr generalþ be a

sÍEceous ];t$rid rieh ín aLkalies and ehmÍrn"u, eontaLntng røater ad
o&her volatfl"es¡ åd wfbh a eoncentratfo¡r of those nlnor eLements

that are not i¡reorprated ísr the stnrcturee of the eomnon månerale

of f.gneoug roeks"

Ttre Distríbnüion of Sr¡lphldee fn Ïåneous Boclcs

studåes of lgneoue roeks suggest thað a spaeiaï relatf.on

erists beÈween the type of funeous reek arud tÞ¡e type of mrrphide

contained therefn, NÍckel ore depslÈe sceur r,rj.thj.n er a}ong-

slde baef-e and urtrabaeie roeksu Fråmary pratåmm d,epslts

oecÌrr only fn ultrebasie rocksS dÍamor*ås ln ki.mberlåte; chrora-

í&e fn perídotite or serpentine; conrndum ln quar€z-free noeks;

tån Ín sllLeåe granÍteo; a*d beryJ. i.n granåt,e pegnatibe" These

asEoclaÈågr¡ß ere so unlvereaL aE to rend.er åneseapable bbe
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eone&åsloe Èlreå the roek and assoeiated @r€ wese denlwed from the

ga.Be måg@o

T&¡e ratåoø of eoppet u zi-6&, and Lead l¡r ore depoøf.ås hawe been

eompared wtth the ratS.os ôg eoppr u øLneu ad lead åat ågneotrs troeks"

WÍ.Lçon (X953), stanton (I"95É), and Ki-trburn (1959) pointed' ouü the

s{Eflaråty beÈween tbe eompoeitLons of sres end Èhe minor constlt-

uents of the related igneous Fôcksn Wlson and Anderson (1959)

cæpared the empoeltione øf L25 ore bodlee eonüainimg eopper,

øåno, asrd Lead w't&h Sand,eLl" and Go1dåehas sfnå}ar eopper, øLne,

ar¿d Lead dÍagra,n for igneous rocksn The simåIarity of, the rattoe

of these metals ån ore deposits and fgneol,s roeks ls obv-åous

a$d suggeetsu bnrt does noå trrove, a genet$.c re3¿ùåonship, Sand-

elL and. Goldi"ch showed that, 1n general, the ratåo of the meùaLs

ån lgneans roeks depende::tepon the rock type" Wilson axd Anderson

{}'959) Ehow tbat åt ie apparent ån Ganadae thêt' dond.¡ænt eopp€r-

zine oombir¡a€lone are reS.ated to gabbe"os and, dåorltee; lead-ø*tæ

ecæblrptÍons aã"e eharae*erlstle of grani.tesg arul lÉgte zfnc w'ltb

ßoderate e@pper and, lead are charac&erÍ.stle of i.n&eruediate

troekgo

ß{eta}tråe Elenaes$ Ðistrf.hr€Íon ån a DlfåerqnÈlati"@

GotrdeehüuLdÈ (193?) elassåffed ttre eLeneþÈs aeeordírg to

üheå,r geoehæleaL afflni.tles as eideroplnlleo ehatreophfle, or

liëhophlJ.e deprdiag upon wtrether the eleaecrås ere eonee¡rtrated

ån a neüaLlts Lron phaee, a sulphåde ¡lhase, .or e sitieate phase.

The rnajor igneons neek forntng elenente .sueh as lda, Ga, K, Mg,



18

Ale aãd Si, ere aLl sÈrengly Iå&hophå1e a¡:d ttrerefore øot¿l"d no& appear

ån the øulphåde ¡:fiase" The metaLLÍe eLesen&s, Ê{å, cu, Go, Pb, Zn, Fe,

Cd., llgu ete,, have either ehaleophile or såderophfl"e aff$.nLÈåes, btrÐ

beeause the meüa}låe lron phase (stderophåle) ås assumed mot åo be

presenð i.n the env5.rome¡rte of err¡sÈal rock formatåon, these ne$aLLlc

eXemente wfli. then eoneentrate ln She ctw].eophfle or suS"phfde phase" Ïn

generele the elasef.fåcati.on of an elø,errt as T$tlrophå}e, ehaleophi1e,

or sid,erophlle refere Èo íts beb¿arrlon fn l"Lquid-lÍ"euåd equi.Xlbrla i.n

nnelts, However, 1t hae been show¡r tllat pyrrhortíte eulphíde6 can extraet

srî.ckel f,rom ni.ekeliferoue olåv'å¡re erystaS.s"

Some elemenÈs ehow efflniÈy for more ùhan ene gronp be-

eause the dtstrlbnrtíon of any element i.ø dependenÈ €o some ex3ent

ora the telaperaturee Ïres&rre, and ctremfeal environment, of $he

sysgem as c whoXe" By conparlng the beat ad "free enerry of,

fsrruatlon of fts srrLpÈride wtth the sulphat'e agl carbsnaÈeu the

posftion of an eS.ement .ln ühe seale of rel¿üåve ehaleophll"e

afffurity my be approxlnafed'

Goldscheidë (193?) reaLfzed .the eígnifåeance. of. .erystaL

eÈ¡nrcbue'e ån eonrbrollåW the ðistribr¿tion of elemenÈE. .i-n Èhe

eert,hts crrtstn The baslc uniÈ $.n a3.J. erystal sÈn,¡eÈuras åg ëhe

abom or åon. Anong ei.l"åcaÈe mÍnerals, lonåe stnreüures are

dcsrfn¿n9. The strueture of a måneral.ls .a f-nnetåon of the

eaergtr rel¿tionehips exi.sting betrueen &he. eonsèft'ue¡ú ions .or &t€ms

as welå as çmreþ spaee eonsld,eratlons. Ione ean be eonaldered as

be*ng aÞprcffilffateþ epheri.eal wåtb.a deffnite radlus -charecteråsÈj-e for

the elemenÈ fn quesÈion and åhe aharge on the ion" Ttre .s&ueåure .of an
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ionÍe ewrpound i"s dete'ffiined by Ètae såze sf êhe ione and &he eharge

on tF¡e long,

In an lonle s&nrcture, each eatlon te3xls t,o surrø¡nd låself

v,råth aníons, The n¡nber thaë can be glouped e.round íð w-¿11 depnd

upon Èhe relatfve såzee of the ee&Lons ar¡d anione" The relative

elze ís expneesed bg' ttre radíus rat,fo" The rn¡nber of arrlons tha8

ean fít arour¡d eaeh caë1on is ealLed the eoodínatlon runbor of

the eatíon. AssumÍng Ûhat ions aet as rigid spheres of fixed

radLle the stable arr&ngeutenb of eations and anLons for particuler

rå.dLus ratios ean be ealeulated from prrely geonetrie eonsfder-

etlons"

MLnor netallic ele,ment,e &hat are preferentS.al-ly eoneentraôed

in the suLphÍde phase, may aLso concentrate ín the aiSj.cate phase

a¡rd ín siLíeate ntnerals under speeial conditíons" Substltut$on of

sueh ions and atoms ie nel¿Êed &o the såøe and, charge of the ions'

Frcm sÈudles of, crTrstaL strtrEtures ad, ldepend.entþ of enersr eon-

såderaÈions, Goldscheídt fomulated the fol}owing empf.rÍcal rules

as a generaS" guide to the eoutrse of erSrstallizatlon of an element

dunÍng ]-i-qr¡{d *Þ enystatr formatLon Ln a m¡l8leonoponent system.

1," If two ions have the same radius and the sane eterge, they vríJ"}

enter a gíven crystal- lattlce wibh eqpaL facill:lfy"

2" If two ions have simll¿r radiå ard, the sa.me charge, the emaller

lon wlLL enter a given crystal. Lat'tåce more readiþu

3, If two lons have eieilar radlí ard differed elerges, ûhe lon
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wltþ the hlgtaer eharge wi.LL en&ør a gÍven erystal lattíee more

readíþ"

Theee rules have wi.de applleaÈlsn í¡r the geochenråstry of

lgneous roeks, but have had thelr greates$ utf.IÍt'y J"n predlct{ng

fhe order of rennoval fræ a mågmå no't onþ of the maJor lons, braÈ

of the minor elements also.

ElectrÍeal EtabillÈy is a prinary factor Ín ÍonÍc stmetsres"

fhe requÍrement of eleetricaL stabllfty neans that bhe sum of pos-

ftÍve and negatfve eharges on ttre lone Bust baLa¡ree" PauLi.ngts (1927)

rul,e of valency states that c- ftIn a stable structure the total

strength of the valeney borde whåeh reach ¿s enlss f,rom all the

nefghborfng eatíons ås equal to the charge on ühe anfonrr' fhis

rnJ-e fmposes strict eordltions ori the substítution of íons Ín

erystal"s if the stlbstlåuÈing ions have different valencies"

the phenomenon of atomfe substitutÍon íe aLso an inqportant

factor effeetÍng the dístribuåÍon of eLenento. Irt an loníe str-

ucture, Èhere is an infÍnftely exùended three*dj-nensionÐ} net-

wrk, åntr íon in the Etnretune aay be replaced by another lon

of sLmfler radius ¡rtthout causíng serÍous dåeÈortlon of the

strr¡cture, Scme foreign åons ane often åncorporated Í¡t mineraL

structureE beeause ninerala uzualþ crystallize from solutl.ons

canËaínÍng many ions other than those essenti.al ts the níneraL,

As a general- ruLe, Låt$Le or Bo atæ1e eubstÍfutlon takes plaee

when the dífferenee ån charge oa the åons ís greater than one,

even røhe¡r size åe appropriateu ålso, a wide range of atomte
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subetftutåon may be expeeted at roon tenpera&ure ín a roagma or $.n a

hydrothemal solubion prowåded that the radíå of'the subeÈítuûång

ions do not dåffer by more tban Lílt"

TL¡e fomaÈion of soLÍd sollåtLons ad mLsed erystal.s ard the

exlstenee of def,eet Lattiees also effects the dletrÍbuàion of, ele-

mer¡bs durtng erystallíaat'fon, The e:ctent to whleh atomle subetl-

tutlon anå solLd sol¡rtlon foruatíon takes plaee íe determåneê by

the nature of the strueture, t,he elogeness of correspondenee of

the ionf.e radli, and åhe temperatirre of fomatÍon of, the eÌåbeÈan-

ee. Many of the ore mfnerals are eapable of solLd sol$ti.on" The

proeesses f"nr¡olved appeer anaïogors to those showa by metals.

Three types of solld eol¡rÈion are possi.ble;

L substltutlonal solid solutÍon rshere atøne of tbe solute metal

replaee atoms of the solvent meüa1 in theír normal posltlons

fn ûhe lattlce of the solvenù metatr.

2u Tnterst,ltlal solfd Eolution rqhere the sslube atoms are dfe-

persed fn oèherwåse vaeant lattlee poeLÈlons between Èhe solve¡rt

åtems" The atoms are fnfrdueed ín addttion to the eolve¡rÈ abems

i.n the Lattlee"

3" O¡nlssíon sol-td solu&íon (proxy eolid oolution) where a smsl1

number of netal atæs aay oecupf positfons normally occupfed by

su3.phur or metaX atæs so that the mlnerals coneerned, have a

metaL eonåer& slåghbi.y in exeees of Èhelr ideal eompos$.tione.

trûf.de solld solution is fawored by high &em¡leratlrreo lt¡e
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eoaseEuenee of atmj.e ff¡bs&1,Ùutlon $.e åtrat mosÈ måneral"e eonåain

no& offi bhe e}e'u.erits eharaeteristlc of the partleulan speciøs haê

also other e}enerìts abLe So fåt ln&o the crysüal lat'$iee"

lÈ ås apparen& thaü the fat,e of, an eIæe¡rt during magmat*e

crystallJ.øa8Lon ie largely eontrolled by ühe sløe and the eharge of

the eS.ementaL íon" Ione wlth snal"l lonte radl.L are the fírst €o

be ræowed from a eoolång ea$€ or nelt. TLrusrthe Mg lonu be$-ng

øone*ùat snaller &han bhe fetrrons lon, $"s a&*ays eoneentrated

fn the earþ fomaed ferromagneeåan mineralsu Ïons wlÈh narge

radål and. aharge tesd, to remaf.¡r longer 3¡r the residual" neltc

tkrough man¡r other faetors eon$roI t'he u1$iøate fate of, these

elements,

fr4agrnatie erystallÍzation Íe eontrolled by ten¡rerature,

IlressÌrree the nature of the íons present, their coneentraüfon, and

the tSnpee of crystaL lattiees formed" Ghangea fn the eomposition

ard' physieal" conditíons of the ¡nape affeet the eolubll.:iùÍes

sf the many dífferent posslble conpouds" Tem¡ærature ard ¡ressuae

varlatåons urdoubtedly exent a stro¡¡g ínflnenee upon the

crysÈa1li-zaËío$ of s!}Íeates and sulphldeo" tther faetore, sueh

as chemfeaS. potenblal., lattice energíesu reaetíon rates, and

vapor pressrJse al-so exert an effect on Èhe faÈe of eLements

durlng magm¿tlc crystal"3åzaèåon"

fhe ëoèal amour,rb of a¡r el"eme¡rt avai.Laþle for erys€aJ.llzaÈLon

ln later dåfferenÈlates wiLl þe greatþ.redueed @ere the

el.enent ís eoneentrated ln the early erystal.Iizing fractione of



a dif,ferentåaåång magæ&. The naÈer dåfferestååaÈes wåå& beeome pro:

gress$-veJ.y enrfehed ån an ælemenð åf &hås elemenå l-c not eoneenèr-

a&ed åp &&ae earþ erysÈalxtøång f,ractåons" HeRee, dt¡rå¡ig eryø&a1å-

åøøtü.om of, ø haøaåÈå.c møgmø eømpwød æf Ltq¡ååd el}åeattàm pltre

øulp*rur, the flre$ erysta&]"íuetåon pr@deaeès wå&1" b@ high magneeåam

eLåvåne ad rywme¡re" fhe ree$.drean sr ree& ffieæå eon&e*nång ISqråA

sålåeabeø p1aø øuåphar wíl"l" be pregreeeívety åmpowcrS-shed in a

met,al3åe elemenÈ åf this elemesrå åe ço¡ree¡rtnaûed åm the eanþ fcrmed

eå1åea&e a{.¡rena&s"

I{a6mas eonÈaårefng a }ow eo¡reer¿tratåem of a gurtåeulan

eåme¡st ean Ere\relo produee a rex"aëiv'e3r hågþ eoneentrebåosa ôf l&
ån any @ase exeepb pesøfhþ åsr åhe 3"aËe pegmatåüåe on þdrothereaå

phêses,

studíee of Èhe solubåIåby of suJ.phun (vogt, ng18) åndieaüe

åhaå bhe salubfx.tty of suS.Srur decreases wíth å¡rereaså¡rg sllåea.

3[ewtaqrsess (rgg6) studåes on sa}pbåd,es i.n ågneous roeke pfnåed

êø &he greaèer abrundarøe ef sulplaåd,ee Í.r¡ baeåe roeke althmrgh

sulphj-des were present &o s@e ex&enÈ througFrøu& Èhe. seråee of

þaeåe åo aej-d igneouø tSrpee" ffilåæ üøø, suggeet"s a hlgtaen soX-

wbå}Eðy'of sulphur ån xoçr-eååi-ea dlfferemtåaÈes" Tha& åe, åf a
eånåea&e me].& eepa,raêec åscôo a åow sålåee*hågh ma8meøåa ååq¡ååd amd a

hågP* så&åee*Ïow magneø*a ååqleådp eralplrlrr w*l-& be m¡ele æere

sølub3.e ån &he nçw eålåea il;iquåd" tnystallåøa&åon frem åhese

låqt¿fds should resulü ån åhe eavby formaàåon of cal$aådee ån ålae

h$-gh sj.r"aea l$.qrrf.é &@ eesrtraeÈed &e þoÈh earþ asd.la&* .suågrídes
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in the lo''.¿ eilÍca liquic"

hl d, ååh¿-e:,.*ee4 -qselreJ-*+q *åeå¿ r* *qsll¿lissq

Gold and silver, and also ropper and gold fulfilL the conrï-

itions r.eqrnred for solid solu-bion formation (Edviards Lg5Å,a p-4?)"

topper and goJ-d may form a eontinuous solid soj-ution series"

Both erements c:'ystallize in a face-eentered eubie lattiee" The

atornic dfameters of gold and eopper e,re 2"8? Ao and 2" 55 Ao resp*

ectiveþ and their difference is witlrin ihe r5,q rinit. silver

and copirer are capable of limited sorid sorution formation and

they may forn two restrícted sclid sorutions v¡hich yierd a eut*

eetis" Goi-d and silver also form a eontinuous solid solution

series" Gold and siLver crystallize ín a face*ceni:ered cubic

Iaitiee and their aiomic diametez"s are vezy sinilar, being 2"87 Aa

respeetively,

Gold fn eolid solution with othe¡. ninerals has also been

noted" Pyrite and pyrrhotite containing as niuch as j00 grams of

gold pe:' ton as particles of subrnieroscopic size have been synth-

esized by l@nlinitstry' ftçU). Such solid solution of goi-d in py--

íte musb occur as an interstitiat solid solution. Fyrite a.::d

pyrrhotite are no'cably non*stoichiomotríc and the departure from

stoiehiometrie proportions must arise from defects or r¡aeant

sites in the íron lattice. rn metars shor.ring l"attice defects of

thís kindu the vaeani rnetal sites may be fitled by atoms of other

rnetals, giving rise to restrieted intersiitiat solid solutions.

In pyritee the atonúc cliameters of gold and iron are Z"8B Ao a.nd
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2,5A Ila resÞeetiliel-y. GoId has been cietecterl as cr:¡siral grains

of ',,he ord-er of t0-ó e¡n in diameter (Edvra.rds, Lg54, p-Il3)"

i&tals containing invisibte (suirmicroser:pie) Colcl should

unruix and seg:'egate from such a solld solution during the auio-

annealing of the ore deposl-t. á.uto-annealing is a process in

which partial recrystallization takes plaee during slovr cooling

of the ore deposit. Invisible gold has been reportecl in ars€tlo-

p¡.rite (Stillwell and Edr*ards, L946) and sphalerite (i{offmann,

L%L)" Chatcopyrite is not a perfectty s'Loichlometric cornpou::d

ak¡ove 525@Qs so that a sinilar phenomenon may be possible in

ehalcopyri'i;e" Tn the extreme case of refractorinessr gold may

occur as particles of sui:microseopie size dísÙributed through

the cont'emporaneous sulphide or in solid solution in it, and it

has been suggesi:ed that much fine gold is cleposited in thís roe.nn*

er and subsequently aggregates by solid. diffusÍon ínto visible

ryains v¡hose síze depends on the inÍtial tenrperature and rate of

coolíng during auto-annealing of the ore"

Tlie__Drslri-þqtipe sf i/{etellic -EleircFt,e .Ep a_Êår1gq}e=Sulp l.de liqu+d

ïn a mel'c composed of a roetalLic j-ron phase, a sulph-f-de ph-

ase and a silicaie phase under equilibrium conditions, the metallic

eleinents would be c1åstributed according t'o theír siderophile, ehal-

cophile, or lithophile affinitiee. Iüickel and gold should be high-

Iy eoneentrated in the metallíe iron phase, l-ess strongly i-n ihe

sulphi.de phase, and least strongly in the silieate phase. Co,Jpere

Iead, zincu and silver shou-ld be higltly eoneen'brated ín the sulpldde
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phase and Least eoncentrated in L,he me'callíc íron and sil"íca.te

phases" iiliekel and go3-d, kthieh are l:o'bh strongLy siderophilou

are both for.r,:rd witli sulphides in crustal enrj-ronments due to tho

absence of 'Lhe iron pha.se.

Some elenonts may have affinities for more than one getch*

emieal grgup 6ince the t;pe of corapounds an eleltent may forra is

dependent not only on the nature of the el-ementu but also on the

tenrperatureu the presstrr'ep and the other eler¡ent's present" Tbus, ,

gold may be eoncentrated in the met,allic íron phase or t,he sulphide

pha.se, i'rtoiybdenum, whieh is strongly siderophileu should be grea'ü-

ly enriehed in the motallic iron phase" In the absence of an iron

phase, molybdenurn tends to be mod.erately eoncentra ted ín the sil-

íeate phase end rnust be present to a månor extent in ihe sulphide

phase" Tin i-s strongly siderophile but aÏso possesses chalcophíle

and lithophile tendeneies. In erustel environmentse tin is enrieh-

ed in the silícate phase"

vogt accounts for the origin of certain sulphide deposits

by eonsídering that dissolverl sulphides separate with Loi'rering

temperat',re in part as imníseÍble droplets that settle out as e.

molten fractionu in the same rilanner tha*,, molten copper natte

settles io the bo'i;torn of a copper furnece r^rhile the silicate slag

floats at the top.

F,G. Smith ( f96l) has recently revier¡ed and condensed the

data available on art,ifj-cial sut-phide-oride-silj cate LiquÍds and

apptíed thern to the natural s¡rs|,grn pyrrhotite-rrragnetite*silicate,
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traeing out the eooling and crystal"l"ization híslor1," for 3j-quids

ånitiall-y rich ín silieatese sone r+ith a loi¡ and others wiih ¿

higher raagnetiie-síLieaie ratio" 0n3";" in the former does i-i.quid

immiscibility appear to play an impo::tant role. ldager et a,I (tçSZ)

postulated that the miscibility gap bet"ieen silieetes plus some

o,=cj-des and sulphides plus oriCes and silicates inereases with lot¡*

erj-ng temperatures" Smith has noted that faetors other than terrp-

erature affeci thi-s miseibiti'by gapu u'hieh appears to be reduced

by oaides of iron, alkaliesu and increa,sed by C'aQ, !"L2t3e and

Üu2S, Wager et al con'bend tha'¿ onee the solubiliiy of sulphi-des

in silicat,es has been exceededu tr,'o lÍqu-ids i^ij-ll forli and h'ill

begin to separate by gravity, t¡iith fall-ing teinperatures end dee-

rea.sing sotubitity of one in t,he other, the con'rpositions of the

two J.iquids r-¡ilt gr"adually ehange to a silicate liquid erX;'str*11-

Lzing doroinantly sílj.ee'be minerals and a sulphide l"iqu-id crystal3-*

izing mainlS' sulphide minerals. Smith indÍeates a slightly diff-

erent eooU-ng hisi"ory, in r'rhieh the niscibitity gap decreases v¡ith

fatting terrperatures and that a'b a ternary eutectie, orides, sit*

ica'ues, a.nd eulphiCes crystalliøe out together" fsoleiion of the

predoninantly sulphide Lio,uid i¡oulC elininate such a euteciic

e rystallization,
The hypothesis presented by F"G" Smii;h (yqøü states tiut

rr,separation of a metallic sulphii,e liquid from. the residual sil-*

icate tiopid drrring crT'ÊîJalliaation of silicates is possible if

the orida'r,ion po'cential of the nagBe is belor+ some critieal rralue"fr
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ûther variables exisi in addition to oxiCation po-bentiaJ.

and thus as"ny crruplicatíone must be consÍCered in detailed analy-ses

of possible phase seguenees during cooling, It is reasonabl¡r eert-

ain hor^rever, that r¡e .can &ccommodate physi eo*ehemical data by ad-

op'cing the v¡orhing hypothesis thai in basic mEgrnas, tuzo clesses

of sequenees are possi'b,le, based on the ratio of ferrous to ferr-

ie iron" One, wtrere thisr ratio is belor*¡ some criti-eal value,

involves 'che separation of a sulphide nelt froru the sílicate melt

during erystallization of silicates or thre sulphides rnay become

iminiseible before cr1¡stallization of silíeates begins" The other,

r,¡here this rat,io is greater than the critieal value, involves no

Iiquid immíscibility during crystallization" Both classes may

develop a final liquid fraetion rich in pyruhotite, but this

terminal- liquid, eryecied in a dry magma, may not be reacLred in

hydrou"s magrnas due to tire appeaîance of a separate aqueous phase

which wouLd contain mueh of 'bhe sulphid.es"

The segregation of a sulphide liquid frora a dorrinantl¡'

silícate basic magma by differentiation appeers to be a valid

procêsso Thus, in a crystallizÍng basaltic mågna cornposed of

molten silicates plu.s sulphur, the first erysÌ;e.llizaLton prod*

uci;s v¡ill be magnesian rich femomagnesian minerals and the

system l'¡ill be made up of tr.¡o phases: a solid silicate phaseu

and silieate plurs sulphur lÌ-quid phase" Wit,h falLing ternperat*

u.res, t'hås 3-iquid phase may form an immiseible liquid consisting

of a liquid silieate phase vith iuinor sulphff¡ €.nd an imm-iscible
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sulphld,e llquÍd phase" The systera would then be composed of three

phases; a so1íd sÍlíeate phascåo a lfquid sÍIÍea&e pfiase vrLth mínor

sulphur, and an åmriselbtre sutrphlde i.åquid phase"

lko inportant factors whieb affeet the partíSlonfng of metaLs

betweep the sllleate and sulphide lÍquid fraetlons are the coy¡êef,r-

tration of suLphur and the relatine affÍaiåy of the metals for $rX-

phur (ttreir cheLcophíle affinLêy)" Gopper ås more ehalcophile €han

nÍckel or lronu so that the Skaergaard labnrsionu wh5.cb aras low in

sulphur, yielded a copper rlch }Lquíd frea whieh eopper månEraXs

erysÈa}líaed wbile níekeL and mosÛ of the iron remaiued ån the

1íquid. In the sulphur-nleh Sudbury ln&'rusion, mueh niekel and

fron separated al.ong with the eoppere

ftre Dfstri.bìrtÍon of Met?Llie E1enenÈg ls a..Su].ph:il(!q-I4el&

The eo¡rse of erystallåzation of suJ.ph5.de liquids fs largeþ

eonÈrolLed by the mode of erysta'tliuatåon of soff.d.soJutionsu whlch

in turn, d.epnde on wheüher this. æcurs uder. equil!-brÍum or non-

equllibriun condítíons, Bøwen 1192S) coneidered such processes

lråtal in the eryetalliøatÍon differentlatåon of igneous rock$"

Under noneqrrfllbrfun eondibf.o¡lso earþ fomed erystals fail to

react fon' one reasgn or another, and thue have a different cæp-

osiëíon than thsse fornreé l¿ter" Ilnifom metaf rat,ios should be

expeeted. frø erystalLiøatlon und.er equilLbrir:n eondiÐíons. $epar-

atLon of síLieate and su}phÍde Liqulds, and voLatiles frm eontaeÈ

iEÍüh Èhe solld pbases pnesent in the system, vrould establish. a new

set of equiJ;lbrfrm eondiùfons and..a new. en¡retallizatåon sequence



Tro\rLð. teellr in a different Ëiagüa. eha¡li[-.çr,

SoLu"bil-itfes of ne"tral3.ír ele¡ients in sul"phide liqulds Ís

s'tril"l another factor" Data fa:om msny magmatic sulphide deposits

incl.icai;es ühat elersen-'¿s such as Fb, ënu Sno Biu Te, As, $e, anci the

precious metals, under suitable frac'r,ionation (non*equilihriuæ) eon*

ditionsu appeer to be enriehed in eopper*rich sulphide LÍquids, but

as soLì.rbÍlities ån erystaS"s of copper nri-nerals is J.or'r, the remosral"

of e opper by erystal"Ij.zation tends to envieh 'ohe resi dual" Iiquid

fur'ch¿er ån these etemente un'iii" their solu'bility products are reseir*

ed, at whish time they would erystallize, aLøng çvith renaining eopp*

er suJ"phi-des to form sulphides, tell.urides, båsmuthides, arsenåd.est

and na'úi\re metals,

Liquid immåscibil"ity between 3-iquid såJ"íeetes and sulphur

r+ouåd creato tbree phases in a erystai-Ilzing siLicate melt. A'fi

high tempere.ture, tlre three phases ín eqrriS"ibríum ç¡ou3"d. then be; (f )

a so}íd silieaten G\ " eilicate plus månor" sulphur liqu-id ard 3j
an lmmfscible sulphicie liquid" l,llt'h decreasing tenperatures, srme

solid sulphide would be eryected" The relative eoncentratíon of

sulphur and chalcophlJ-e elements probably increases in the late

S.iquid fractions of a crystallizing magme. ss e, result of the re*

moval of the J-ithophile elements in 'bhe silfeate nrinerals* In a

¡Tiagma eontaining such elements as S, Ni, Cu, &n, Fbu Jtu, and rtg,

the eompositions of the plrases in equilibrium i.¡ith eaeh other shou-

}d. be; (f) a sol-id silieate with relaiívely trigh Ni; (Z) a resid-

uai silicate*sulphide meLt, eontaining l{íe Cu, :ãryu Pb, Âuu and Ågt
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aM[ fånally, (3) an å-ffi1scJ-bLe su3.phíde nelt eentaånång Ë{å, Cw, Zn,

Pb, Au, and Ag"

Ollvåne ard pynexene would predmílrate in the solíd. slfi.eate

phasø" Mueh of the ffi v¡ould be ea.mouflaged' ln &heee hågh Mg mi¡rer-

ale" In generel, dependång on the orlginal ccmpo$ltion of the meIS,

the suJ.püråde lLquid ehoul"d eonbain the higher proparbLon of nset,allåe

elenerrt,s" Wlth deereasing t,enperature and fnereasÍng crystal-}løat'ion,

the reeldîral EL]Seate-sulpaide H.qrid sbould' beeome more and

mere lmpoverished Ln Cu and l,líe and snlplnrr. wouXd becme less

eoluble in the si}leate melt," the lmlscible sui.phide nelt shouïd

therefore be enriebed tn Cu and Nf-" t{lgh tenperat'ur6 sulphides

eontaining Cu and. Ní will begín to errystel]i.ze" I{osS of "the Cu and

Ni ehould harre been re,noved ej-ther as Î{1.-bearing eilåcat,es or as

hfgh temperature sulpkrl-des vqben the eolld . silieate pbese ,has reaehed

the coøposi.&íon of a gabbro.

Vírt,ualþ alL of the Gn arxå Ì{i should have been removed from

the sllieete*suLFhide lL$ld rçhen the eonposJ.tÍon. of. the, Eolåd sil-

icate phase ie that of a diorlte" The fuwaisclble sulphide nelt

should be erystallåøing high cepper and lew r,råekel- .eulphtdes" The

resLdual ]¿qgfd wålL be relatåveþ.enriched in Fb, Zn, Au, sggl Ag

ard Ímpoverished J.n CIu and l{l due &o the hlghee ehaleophile.affin-

íSles of gu and Ni" The ffnaL cryatallåzation should be.a-gnanftf.e

eilíeate and Los* t,emprature $rLphídee of. Crau.Pb, Zn, and.^Ag, phr.c

naÈíve Au"

Ân oríginatr neL& wíth a Low suLpharr contenö, en. the other
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ha-trd, ïrouiC{ r'es'-li-1i ån a disir-i'irut'i on rrTiere'by iili r,¡eulcl be e amouf iaged

ín the e;:-rl¡r ruagnesian silies.i;e rníneralsu anci "i,he l:eneiniilg neria.l-.i":Ï-e

e]-e-nenùs t,¡oui-d i:e proryessively er':riched and dist:'åbu';ed in the

residual silj-caie*sul;ohåd,e liqu"íd and any imrni-seii¡Le su"iphide I-iquíd

tilat {:endeo to forn¡"

Renorral of the rest liquåd f::oit *ûTrtae't i,;i'çh the solid phases

at any stage in 'Lhe erXrstatrJ.åzatian .seoJdrenßÊ v¡ou.i"d al-so infl-uenÕÐ

tkre dietriì:ui:io¡r of the ei-emei,ts. "{ ner+ equilibriurn and cry'sterl3"*

åxatian soqLlen*e ín a d"ifferent màg!ñà ahamber '*¡:Ï"1"I result åf the

tåqurid *iJ"i"cate anil ouJ"phides ar:e reruoved froü con+"o.ct t¡ith t-ne sol"i"d

silieai:es and sulpirtdes,

The Fartiti*tr Ratio hy'pctlies-{-s ef H" I'iet¿m¿,nn (iç¿8} is als*

impa:"tant ín u;rde:'s'band.i'ng the distrí"butj.cn of the elements" l&tal"s

exbrae'i,ed fro¡n a r&&.gitia. b'y a"ny mechanÍsi:i i¡i lJ- not be remcrred in ttze

proportåons in r¡hieh 'chey oecur in the magmtle bu'i; v¡ill be extraeted

aecording 'lo sorue ;ca"rtrtion rati-o, tonsider tlie ease uhere üu arrd Zn

r:e+ur i-n n. sil-íe*te -,"neÏi ín 'che rat,å* of Lt L" Tttat a sulpiride gloi:n}*

eeparating frorn -Lhe sj-licerte ruclt rsould be eom¡:rosod of equaL partø Üu

acrd ln appeags very r-:niJ"kel¡" Either üu or flt: t¡ou.¡-d i:e reia[ive[y

errriehed in th.e suiptride arrd. iryoverished in the silicatæ" Early ery*

s'*al-l-åzation produ.ete ¡¡!ll" "oe enråched ín one eLercenf s.nd as fÌ::Ls eI-

ement heeûmee fmporrerislred in Lhe liqr.rj-d-, la[e¿" ;:ror.iu-e-b* wÍL]" i:eer.¡rnc

inc::easingl;r' enriehed in the see*ncl eleäient,. This hypothesin ís

discuesed j-n dete.il b.y Andersoi: (1g59) and.l'filson and.Ànclerso* (L959j"

fuqL*bËsryêå-Ee.eçs-qËçÊ

?rogressi''re dåfferenl,j-ai:åon of silieet,* roagrlas reaitTh,*" in a
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resiciual (aiteline) fio¡t:.4 that "neeomes enriched in volatiles and

oÈher etri$tituents ineludlng 'ineiaLs that r+ere formerly dispersed th:'ol¿*

ghout the mag-na" lnfith ec'ntinuing crystalliza*r,ion of tþis me.gmåe s,n

agueûus residue eharged vritir volatiles and r¡etals aay be produced" -ån

additional distribution of the meiallic eLernents r+ould -r,ake pl"ace r+hen

a highly volatile phase formed," Some lrliu Cu, Pb, &n, A"g, and Àu may

be earried away from the nagma ín the resulting hydro"Lhermal solutions

Ì:o form ¡oediur¡ to lor,¡ temperatu.re sulphide veins or replacement dep-

osits of these elementsu

Tr.¡o distinet sehools of thought regarding the sta&eof hydroth*

ermal solutions exist" tne group postulates that tho ore forming mat-

erial r,¡as e:rirelled from the magnn chamber as a gaÉeoirs emanation that,

later condensed to a hydrothermal liquíd i+hich depositecl the or"e" the

liquids forrned by the condensation of such gaseorls eman&tions were

acicìie at first but later became alkalirie upon reaction r"¡ith the r+all

¡:oeks" A second group proposes 'Lhat the hydrothermal solutions Leave

the rnagme originally as liquid ac¡ueous soLutions. Since metallic sul*

phides are erbremely insoluble ín pure vrater, but are more or less sol-

uble in alkaline liquicis, it is presumecl that these liqr-ricls are alkaline

from the beginÍng*

Definite criteria do not exist for deterraining r"¡hether a deposit

uas formed from a gaseous or liquid solution" ït follor¡s that if the

temperature was above the eritiea]- temperature, then tr"ansportation

and depositlon should take place in a gas phaseu no natter hovr high

the pressure* If the temperature was belolr the critical tençeratureu

then the depositing solutions ïrere probabty líquid since pressures at
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ruoderate depths are usualiy grea-bor 'r,ha:i i:he crii;ieai Þrossures of nod-

ez"ately dilu,te soiu-i;ions, Tt seems probable tha'L h¡'fr¡other-n:al soiutions

origina'Le ín both lrayso 0n proceeding outr,¡ard froru the magma chamber,

the temperature r¿ill decrease and ma-berial leaving the rnagnia in a gas

phase rua;r be eryeeted tr: condense to a Ïi-quid i,¡hen ít cool"s i:elor'v the

eritical tetçerat,ure"

Â gas phase associe.t'ed Lrith a üagma a'l depth r¿ouLd har¡e a dens*

i'by of ihe sarae order of magnitud.e as tiquid water ai tlie eartht s sur*

face. Thís dense phase i+ould be eapable of dlssr:Lving and transport*

ing many non-volatÍLe suÌ:stancesø Ii ha.s been proposed that 'i;he pres-

ence of ha}ogen compounds aids the soluiion and transportation of met*

allic corupounds. As tlre cl:lorides of the connon meials have high vapor

pressures, í'i: is consíclered probable that ehlorides are the most inpor-

tant forrn in uhich metals are removed from a mag,ua* The physico-che¡u-

ícal principles governing the conditions under whieh the metall-ic haï*

ides iaay exist in a gas phase together t¿ith such preeipitatlng agenüs

as FÏ20 and H2S are expressed by the le.r"r of l{ass Action,

Considerations of this kind suggest that gases containi[8 halogen

e,cids r,¡ould be efficient transporting agents of many rocks" Bov¡en

states that the gas phase escaping froru residual magmatic liquÍds must

be acid because i-t r*il-l contain HC3-p IlF, Ã.25, Crips H2S04a and other

volatile acids" Present in this gas should be H, 02, tI, S, F, B, Ku

Nau Feu Ti, and Al along vith urinor Sn, Pb, lnu Ouo Ag, a.nd ot,her

me'bals (uies, L92l-j" Dírect observation of hot gases of funarolic

areã.s eonfirns this" i{eutraliza'bion of the acid by reac-bion with

eountry rock r¿ould cause preci-pitation of various o,=rides and sulpbides,
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tr'Jith deereasing tet¡ceratur"es at increasing Cis-bances frora ÈÏre magna,

the gases trould condense to lio,uids, If the gases or liquids ldere Ór*

iginall;' acidic, then z'eactiols r¡ith alkalies in the l"¡a!l roclts'tøould

tenci to cirange the pI{ and ihe fLu"ids rvould becoue rveahl;. alkaline"

T'h.ny ather t¡'pss of r"eac'i;ion are possiîile with the various i:úneral aËs€lTl*

btages present in the or"e cl.rannels"

The existence of gas phase in a nagroa eiramber would have a pro-

found effeci on the dis'tribu.tion of elements undergoing h)"drothermal

differentiation* In a magma con'baining Lf" of dissolved v¡ate::, the re*

mainÍng residual liguid ¡¡ould becoi-le relativeLi' enrLched ín trater as

erystalliza'vi-en progressed" Sucir an enrichnent in water r¿ould eontínue

u-ntil either r"¡ater is forced out of the magma cl:an"oer by differential

pressure or until the true saturatj.on point has been reached. At this

tíme, further crystatlization Ïrould result in the prociuciion of r¡ater

ïepor ä.s a 6epâ,rate phase and this process woi¡Ld continue u-ntil clTst*

allization is complete, i'Ieumann ( fg¿g) thus suggests that three phases

are present in the magna chamber; (f) a solirl phase (rock), Q) a tiquid

phase (magma)! and (Z\ 
" vapor phaseg vhich may deve}op graduall;' 1o¿o

hydrothermal solutions'

In the magrûa chamber, every compound 1n the ïtå$nå. wÍLl disirib*

ute itself betr¡een these 'chree phases in proportion to their soluhii*

ities ín each phase in aecordance to the distribution laru. Ás erys'ia

allizetion of the magma'proeeeds, the composition of the vapor phase

r+ii.i. ehairge, Il. ltieunann has used t,he ierm r?endonagmaÙic hydrotherne.l

differentj-ation?? for this phenoraenon of a magma yielding gases and

solutioirs of different chemical compositions at dífferent ti¡aes'
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Using +"he dis'Lribution la'øy }feuræ.nn \¡¡&.s able to indicate that a

eompou.nd arill be enriched in the youngest or in the oldest vaper phase

or hydroihermal sonu'cions aecording to r¿hether the distribuiion eoeff*

icient of the eompound r^ra"s greateï" or Less than the frac'rion of r¿ei;er

digsolved in the rrla.glTls.o Two general cases roust be eonsiderod; ( f )

r"¡Ìrere the vapor or fluid remå.iÌls in the aagrns, chamber in equilibrium

t"¡ith other phasee rintil- final solidifieation of the magma and; (Z)

r.¡hez:e t,he vapor or fluid eontinuousþ escapes fnom the magma chanber

Ímrnediately on ite formation,

The actual eourse ín nature would most Likely lie be'bween these

tr+o extremes as it appears most likely that either the \re.por or hydrc*

thermal fi-uid u¡1ll be removed by degrees from the magma chamber, or

the rest of the re.$ffi, r¿iLL at some time be removed from contaet r¿ittr

the solíd and vapor phases. The gaseous or l"i.quid nature of the fluid
phase i,rhieh appears l¡hen the üagme. is eaturated -rcith r"¡ater is dieputed"

The eomposition of the vapÕr pha.se or hydrothernal solìi-tion

expelled by the ilagrÊa must vary l+ith time. In the early stages of

crystallization of t'he magnn the eompounds or metallic sulphÍdes of

high re}ative s$Iubilitíes or inolatilities ån the \rÉrpor or fluid phase

(i,e" the more volatile cornpounds) wiff predonrinate, and in the later

stages, the relative amounts of the less soluble or volatile eompounde

r+ilI increasê"

It has been eon'bended that the various hea-rry netals are transp*

orted by vapors givíng rise to ore deÞosition" The metals wilj- be

only minor constituents ef the v€rpor and the form in which the metaLs
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&ecu.j: r.iill ï:e partly determined by -i,he nature of il:e major gaserus coa-

stituents "

Vapors must pJ-ay an iq:ortant part in i:r'ansporting metals r.¡here-

ever a vapor phase forms in appreciabl-e quantity because many of the

hear4¡ r:ietals will neeessarily vaporize at óCI0ct and l00t atmospheres

preÉFure if given an opportunity to do so (r'rauskopfo D"B": t96r]. such

condiÙions should be possible at an intrusive con'Lact at a Cepth of sev-

era.l kllometers belour the earthrs surfaee, The gas pirase may be inport-

ant due to physical transport of solid pa.rticles in tLle gas or absorbed

on gas-Liquid interfaees, or because of the solvent action of highly

eoüilressed water vaporè lIater vapor at l0CI0 atmospheres i,¡ill have a

densi"ty of rough].y one third that of tiquid watep, ThJ-s gaseous ( or

eupereriticat) water should be capable of acting as a soh¡ent for sonie

gu.bstances.

The major magmatic gases having left their magrna'bÍe source and

partJ-v condensed to hydrothermel solut,ione, witl ehange in cher¿-ical

composition during their progress along ore cha;rnels, partry due to

fraciional preeipitation and partþ because of reactions between the

solu-tion a¡id the r.¡41"1 rock" Hydrothermal differentiation of this type

partially e:'plains vrþ the eomposiùions of volcanic emanations varíes

rat,her rapidly from place'Lo plaee and fro¡a tirae to time"

Some authorities postulate that the ore meterial left the magma

originally as liquid aqueoue solutions. Sinee metallic sulphídes are

extremely insoluble in pure r+ater, but are more or less soluble in
alkaline Ïiquid.s, it has been assuned that these liquids are alkaline
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fro-æ the begining. ûne of ttre ¡nain crj-ti cisms of this theory is the

decrease in su3-phur solubilíty vrith inereasing acidity as shor¡n by Vogt.

:ll"so¡ it ca"n be shovrn 'chat ihe solubilitles of the ore ni-nerals are gr*

eat,ex ån gases than in liquids"

The dominant faetors affecting rnineral deposition fron-r gaseoì:s or

hydrothermal solutions are chemieal changes in the soluti-ons, reactions

between the solutions and v¡all roeks or vein material, anrl changes in

tempera|ure and pressure@ Further ehanges in ihe deposits roay be br*

ought about after depositíon has taken place"

ins

1r\

t21

¡1.s indicate,i by llilson and. "4.nderson (L959) u the factors controLl-

ore eompositions and metal rabics appear to be3

the initial eompositi.on of the Ìnagaa"

the dj.stribution ratíos of the meÌ;als (i"e. if the elements are

extracted by gaseous or hydro'bhema.i- solutionsb

the natrire of the ore depositíon (i,e, cond.itions et the site of(:)

doposition),

The inflr-renee of pl{, oxidation-reduc'bj-on potentialp and ehenricaL

cornposition of the liquid phases on the partition eoeffieients of the

elements in ehenrlcal patterns in ores is no'b c3-early understood at the

present time. Mueli d.a'i;a based on ptqysieo-eher¿ical and thermod¡manric

eonsiderations is regu-íred" In general, deposition of meial".l.íc elem-

enis from h¡rdrotLrermal solutions shoule result in var¡'ing metal ratios"

T_he Gegptrenristry_ anå Dj-ejlriLu$íoa. qt_Ag-.4-,È, Ç9.$_ Fþ"_ Ee*rld_ S

The geochemical distribution of eLeæents is con'brolled primarily

by the s',,ru-ei':re of the j-ons or atoms - their si-zeu theiz' valenceu and
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the eonfiguration of iheir electrcn shelt struetures' Goldschriidtrs

{lçlV) principles of the distributiorr of elements ín rninerals ancl roclss

hold only for ionic compounds" Paulingt s rules for deternining the nat-

tire of possible packing ayrangensnt,s appl;'tni¡r !ç ionic conipounos, but

i!9 a large exteni they also are applieeble to other eorpnunds riith verSr

Iittte urodifica'bion (Azaroff, 196Û, p*Ðf i{ota"ble e:'ceptic'ns are pure

melals and organie eomPounds'

lrfany pairs of subste.nces ç¡ith sim:llar etrue'c,ures form ei'oher a

limited or cornplete range of solid so}u',oion (mixed erystals)' Ot'her

factors than sinrilar sÌ;ructure ar"e important for the fornation of solid

solutions" The size of atoms ( size factor) must not dåffer by more

i;han approrima'cel¡' y5",4 of the radius of the sr¿allev atom encl t'he bondg

inthetr+oer.ystalsrnustbeofsimi].art¡rpe"TnsÍrrpleioniecrystals,

there are simile.r resl,rictíorrs (tnieli-s, L962t p*185)"

TÞre dístributj-one of Å.g, Au., 0u-, Pb, and 7,n in silicate miner"als,

r^¡hich are primariþ ionica &re therefore governed by general errpirieaÏ

ruLes of crYstal chemistr¡'.

sutphide minerai-s are eharaeterized by covalent and' mixtures of

eovalent, and i-onie boniling. Electronegativity differences ean be used

as a guide to the percen-uage fonic charac't'er of bonds (l¡letts s L962up*]j\"

A comparison of Paulingis electronega"bivity valu-es for sutph,t" (2"5) and

q'sgen (j"Ð shoi¡ that the bonciing in binary sulphídes hae Less íonie

charac,cer than is present in the stru.cii-rrally reLated oxiies (þ"zaroff 
u

196CIe p-368)" Further, the stoichicznetric eonpositíons of sulphides do

not, bear a siÉple rela'Lionship to tþe number of valenee eieetrons
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present,

the only" ionie sul-phíd.es are those of the most elec'cropositive

metals, the alkalis and the a,Ikaline-earths" The faet that sinrple sul*

phicies e:çhibit such a variety of different structures, often of consiC-

erabi-e eonplexityu is attributed to the essentially honopolar nature of

the mei;al-sulphur bonds ín sulphid.es of elernen"bs other than the most

eleci:ropositive. Such bonds tend to be formed at definite angles to

one another and are aLso lim:i'bed in number, Further, the serni-netallic

properiies of rnan¡' sulphrdes shor"¡ that all- the bonding electrons are

p::obably' not beha.víng as in sirople eovalent crystals. Á.LI these faet-

ors underlie the complexity of the erystai structures of sulphides, and

complex sulphides have the addit,ional eompU cetion thai metal atoms of

more than one kind are present, each with individual requ.irernents to be

satisfiedu A great variety of cornplex sulphides are found in the miner-

aI world., and eomparatively little s5'sternatic exarn{nation of these eomp-

ounds tras yet i:een made"

A eharacterj.stic of sulphÍde rni-nerals is that ihe composition is

rarely that of the rridealtl forinuia, pariial replaeement of one kind of

atorn b;y ano-bher being extrernely comruon (ïÍelj-s, L96?-, p-529). For ex-

ample, EnS ma¡' contain as much as 20,4 Fe and in the related mineral

coLu.site Zn is partly replaeed by tu, Fe, l'''o, and Sn" IsonorphoLis ro-

plaeement is cornmon in oxides struetures but the relation betr¡een atoms

eapable of replacing one another in o:<id.es is difí-erent from that l"¡hich

holcls for sulphid.e structures, a point r¿l:ich íil-u.straies the difference

bet'¡een the types of bonding in the tl¡o classes of compounds" Tn ionic
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oxidesu ihe possj-bilit¡; of isomorpliou.s replacenenL depends largely on

íonic size, since the Íons concerrrec bo'¿h have to occupy a hole of a

certa.in size in a l"attice of o:'X'gen ions whieh ar.e usually ciose-pacleed

or appro,'{inatei-y' so' In sulphides, on the oiher hand, the criterion is

the forrnatiorr of a similar nurnber of bonds and v;e finci sucLr atoms as Cu,

l"io, Fe, sn, Ag, and }ig replacing zn in sphalerite or comporind.s closel;r

related to it" Ïn crysta.ls exhibiting isoinor*phous substituti-on, there

is re.ndom arrangement of the various metel ato¡ns among the available

positions.

i.fi-nor and traee amounts of man¡' elenents have been reported pr*

esent in ehalcopyrite, e,g. Age Äu-, Pt, Pbu to, iùi, i"np Sn, and Zn,

repJ-acing tu or Fe; and "ås or Se replacing S, For some specinens hor+-

Êr/@rg these elernents may "ne present in aduixed irnlpurities, for ex.anple,

As in arsenopyrite, Sn in stannite, and '/,n in sphalerite (Deer, Hor+ie,

and Zi-issman, 1962, Voi-. 5 t p*L53) "

The minor and tre.ce elements of sphale:'ite har¡e been studied

e,çbensively and ther.e is general agreemeni that Fe, ioftr, Cdo Ga, Ge, In,

tou and Iìg a1i occur in sphaleri'Le substituÌ;ing for Zn" 0u, å,g, and

Sn are also recoroeci but some of these olemen'i;s maJr be present in smal-L

inclusions of other r¿inerals (Deero Howie, and Zussman, L962, Vol,5g

p-L68) 
"

The estination of -r,he extent of substitution of other ele¡nents

for Pb ín galena is often uncerta.in because nany of them raay be present

in associated rninerals, ft appearsu hol.iever, that substitution for Fb

in gal-ena is not very ex.Letsive" sb, Á-s, anci Bi have all been reported,
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though sorile Sb may be present in'i:eÌ:rahedrii,e, and some of 'L,he é.s in

arsenopyri-i:e or sphalerite inryur"ities" .lJi occul's together ¡¡ith Ä8s

both in solicÌ solution in galena and as exsolved r¡atildite" Traees of

"Auo Pt, Pd, i,'ic, ¡Iie and ï{g harie been recorded," Üd, Fe, I'tr, Cu, Sn, and

In oeeur but are probably most'J-¡r present in assocj.ated sphalerifeu chal-

copyrite, or in other sulphides" ft has been eoncluded that "åg, Bi, Sbe

Sn, and Cu do not entey ihe crystal laLtice but ocerrr as microscopic

inclusions of other ninera'ls (De"r, Hov¡iee and ãu.ssman, L962e Vol. 5u

p-l-82),

l"Í:dified crystal ehenistry principles should also govern the dis*

tribuiion and substitution of rcany metallic elements ín sui-phide miner-

als during cr¡rs¿s¡liza-bion of a sulphide rnelt. lveny sulphide minerals

exhibii; non-stoichiorneiric eom.positions" These compositional variat*

ions ma¡r be due to adnixed rnÍnerals or to tkre direct substítution of

foreign eLements ín the lattices" Substitution or incorporetion of for-

eign elemen'bs should be possible if ihe size of the struetural unÍts

(atoms o:: sÍmp}e ions) is comparable and a simil-ar bond -r,¡pe existsu

Ionic and ator¡ic radii of sorne of the elenents are shol¡o in Table I,

Ëilvqr

Silver shoi"¡s definite chalcoplrile affinitíes and therefore

shoutd exhibit a. si:rong attraetion for su.Iphur.

The silicate minerals eonstituting the normal igneous rocks eon-

tain only very su'rail amounts of silver"

Sil-ver assoeiations in ore deposits appear to be associaied t¡ith

a- three*part rhernal seciuenee (Gotdschmicttu Tg\&p p*t9}) a
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Elerrrent

Åo

Au

tu

Pb

Ån

Fe

ïoníe and.

ïonis P,e.di:i.

Õ
r\

l+(t. Z6J z+(o"ffi)

t"+(r.37} 3+(0"e5)

f+(0,96) z+(O,zzj

2+(1" zA) 4+(0,94)

2+ (0, ?4)

z*(L,7Lj

z+(o"z/+j 3+ß,6&)

TÂ.BT,E I.

Átonric Radii of El.ement's.

Tetrahedral
o

ûo'¡alent Radii A

L.53

L"5A

L"35

L"/16

1 ô1
Lø )L

l,02

i&'¿aÏlie F.adii
v
Å

L-/+Å"

L,/",/+

L"28

1 ñFLø12

T.33 ^ L,&5

L.27

L"21,

(After L"V"Azar"off , L96Oe p-io38"i

(r) ¡ligti temperature magmatíc, and high, medium, and ror¡ temp-

erature hydrothermal deposits associated wittr gabbroie magrnas,

(e) nyarotherrcal deposits associated with residual solutÍone

from more siliceous magmas, srtsh as andesites and phonorites,

(3) ttyOrothermal deposits associated mainly l¡ith plutonic roctts

of tire granite family.

Sphalerites chalcopyrite, and galena åppear to be favorable

hosts for silver"

Qql.g

Sil-icate ninerals forming the norinal igneous rocks conta.in only

vetS' small amounts ef golcì."

Occurrences of golcl in hyclrothermal cleposits assoeiated r,rith

sulphides and related nine:'ais suggests a ehalcc,phile effinity for gold
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(Goldschrrridtu L954, p*f9?). Hûvevez', Goldsehrnicltss investigations e1--

earLy sho',r tha.t gold. is strongl¡' sìd.eroirhile" Golcl r.eadily accornpanies

the ç5¿1"ophite ererqents eopírer and silver. in the upper lithosphere"

Gord has been found in otivine rocks, peridotites, pyrite*pyrr-
hotite or.e magrna.s, and in high tempere.ture hyclroth.ermal deposits assoc-

iated uith daciiic and andesitic voLcanic rochs, and vith cliorites,
quartz-diorites, granodiorites, and in praceso granitesn 'usually, gold

is foun'j in part es the metar and in part eombined r,¡ith re, seu llie sbe

and .åg (Goldschmidt, Lg5/çs p-tgB).

Golcl- a'nc1 silver, r.rhich both have similar atoi¿ic z"adij- and cryst-
alLize Ín a face-centered cubic lattice, for.rn a continuou-s solid sol-
ution sez'i-es (Gordschrnidt, L95Lc p-200), sirnilarily, copper and gotd

also forn a corrtinuous series of solid sorutions (Edl¡ard,s, -&"8" , L9542

p-4"8) 
"

Silver j-s fou¡d associated r+ith sulphides and tell.urides, and

gold combines onl¡r r¿ith telluri-des to e¿¡;, extent" Like copper, gold

ancl silver also readily become enriched in sulphides separated during

tlre earþ stages of nagmatic differentiation (Rat kana and Sahama, L7SA,

p-703)' Tn the ease of silver, r.¡hich is geochentically chal.cophile, this
behavior j-s netural" Gold, v¡rrich is strongl), siderophiLe, may be corn*

bfned ç¡ith the ehalcophile elements copper or siiver"

Fegmatitie and hydrothermal formations are the most ctraracter-

istic abodes of sílver and gord. ì,,iative eilver is never pure; it us_

ually contains coppere gold, and other nietals as inpurities" IrTative

gold i-s also inpr,rre; r¡ith silvere copper, ironu and the plaÌ;inunr
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metals being ihe fo:'emosi inpulities.

The geochenisirry of eopirer, lead, zine, and sulphur h¿.ve been

r+ell revier,red by WÍlson (Wft). In the foltor+ing pa.ragre.phs, bríef

surnmaries of the geochemistt"¡' r-n¿ assocíations of these elements v¡åll

be noted..

Ç-opp-qr

The ionie and atomic radii of eopper are shor.¡n in Table I,

Copper ls strongly cha"lcophiJ-e in characte:r.

ïn igneous roeks, copper varies inversely with sil-ica" The

copper in igneous roeks has usually been oi:serreC to be rnost abu¡dantly

present in the form of sulphides, aI"i:hough apparentl;' 1¡ mâ.)r also be

concentrated in the sil-iea'c,e miner¿1s (l,Iager and i\.litehell, Lglr9) "

Ttio types of segregated sulphícte magrnas have been recognized

associated wi'r,h basic magmeri"c rocks (Gold.schr,ridt, L954, p*l?9), The

first type ís characi;erized Try- p)'ryhoti'r,eu pentl-andite, and chaleo-

pyrite uhich appeår to have separe.ted at hígh temperatures driring the

J-ate ste.ges of norite crystallizaüon" The second type of sutr"phide

rock consists rnainl-y of iron pyrite with eubordinate ehaleopyz'ite,

Sphalerite is often present bo the extent of several percent" This

second type of sulphide deposiÌ; has been formed at lower temperatures

tÏ:an the first, several independent criteria suggestlng the liigh hyd-

rothermal range@ Oopper ores are sometiraes associated wi+"h pyro-met-

asoma'sic deposits r.lhich grade continuously into hydro'r,hermal veins end

zones of impregnation"



jróZine

The ionåc ano atomie r"acllå af zine a.re Êhovrn in Table f" Gee*

ehemically, zinc exhii:its both lit,hophile and chalcophfte affinities"
TLie silicei;e geoehemistry of zinc is mainly deterrnined by tlle siuilar-
ity of radii betl¿een divalent zine and the netals of the raagnesium-

iron groupu espeeÍally Fe2+" Tn silic¿rte c::ystal si;ructures and in
sphaleri'1,e, zinc 'bends strcngly to tetrahedral coordina.tion. The st*

ructural arrangement in charcony-ri-be is very siuiLar to that of sphe.t-

er"iie,

The dis'i;ributfon af zi-:ne in sÍlicate rocks is stiLl contradi.s*

tory tc sorne extent. f,iedepohl- (lgSt) however found that zinc v¡as ruos-b

coneentrated in gabbro (basalt, dÍabese), peridoiiteu and. pyrexenite,

i^rith lesser amoun'rs in ini;err¿ed"iate and acid. rocks. ì"{ost rnajor rre

deposits of zinc are of the hydrotherrnal replacement type r^rhere zine is
present, as zine sulphide i¿hj-ch may be assocíated r¡i'r,h eoppere }ead,

silver and. goJ-rÌ.

zinc al-so occurs to some ext,ent in eopper-nícket deposits but

the relative concentration is mueh less than 'bhaì; of nickei- and. eopper,

Kilburn (296a, p-I34,) h¿:,s sho,,,rn thaì, roan¡'ãn*rich ores are not aesoc*

iated as elosely vrith igneous rocks as Cu and Cu*?n-rich varieties, and

that lead-ores eomnonl;' occul: in areas r.rhere igneous roclss do not out-

cropo Ìrhny tu-rfch and tu-ãn-ores are closel;, associated i.¡ith inter*

uedia.te to acidie igneous rocks,

Lead

The ionrc and ar,omic radii for lead øre giv-en in Table r. The

geochenistry of lea.d in the minerai.s and. rocks of the upper lj.'r,hosphere
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J.s domina'ced b;r its properiies both as a charcophåLe ancl as a u-thophite

eleruent (Goidschmidi, Lg5/þu p^39S)" Ás a chalcophile elernent ii; is
fou-¡:cl mostl"y as the siil-phide gaienao ancl in ::elated compounds r¡ith selen-

ium and tel]-uriu-n, r.rher"e ít is highþ concenj,raied ín h)'clrothermal deir-

csits"

tead is also a. Iithophite elerneirt oecurring in a large numJ:er of

roek-fornring ininer"ais" Tts ionic radius ma!çes it possible for tead to

replace diodochical.ly such elements as stz.ontium, bariun, potassiurn, and

even calciun" Therefore, Iead nay be presont in potassiu-n felds;cars, in
r+hich it Ieplaces potassiuru" Geochem-îcall;ru the disirrii:uiion of lead in
nagmatic rocks is generall;r ss¡'6*olted by the La'¡s of cra-sial chemisi::y

i^rhereby lead ions are conceni,rated in potassiun minerais, especielty

the earl;r crystallizates" The concentratioir of lead during erystalliz*
ation proeesses, forlovrs rather. closel;' that of potassium, As Ëotassium

foll-or+s silicon rather cLose3-;r in the rnain line of evolution of magmatie

roclcs, so siLicon, potassium, and lead are coneentra.bed in resídual nag:

¡ûas (Gott1schmidt, L954g p-400). As lead is usuai-l;r a vesTr ninor elem-

ent in basic rocksu its concentra.tion in resirlual magmas derivetl from

basic ruagmas sliould never be very Large"

9-ulp.lrer

r{s sulphrir nay exist in volatile form or Êeparate as an inmisc*

ible li-quidu its dístr"ibu'bi.on j-n ígneous rocks i-s vera- coapLex, The

solubiiity of sul,chur in roeks and magma.s is difficuli to cleiernrine as

both dissolved and srispended surphides musi be eonsid.ered. vogt (rgrg)

deter¡ained the sulphur sotubiLity in sla.gs considering dissolved and
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suspendecl sr-rlphi,Jes sei:ara-bely. l'IiLson (tgSZ) teas 1:loiÌ:ed ''/ogtts r:es*

ults and ii is e.pparent fron the graphical spread of the poir:tse t'ha-t

sulphide solubility differs in slags of d:Lffe:'ent coilposition bu-t all.

folior,,r the same ùendenc;' of Lor,¡er su.lphide solu"oilifur i,rith higheu' silica.

It, is probable, ther"efore, tha'i; sul-phurr soi-ubility d.ecreases ,*ith íncr*

easing si-lica coutent of magmas and ihat the relaiive solubility ín rnag*

ma is simi lar to that in slag, Thus, in magnas r,¡ith a Lor¡ silica cont-

ent, Iarge anou.n'L's of sulphide shoui-d separate fvom a fractionail;' cr-

ysiall-izing üm,gmae pr"oviding sufficieni; sulphur is present" Experin=

ento.l and field evidenee clearl;. indícate that an immiscible suiphide

Iiquid ca,n separate from a basic si licate üagma during :fractioual cr-

ysi:allization" This magmatic sulphide ís appa"rentþ enrlehed in the

chalcophile elements concentraied in the basic and ultrabasic silicate

magmase that, is I{iu Cu, and Co, The niinor metal}ie elements present in

the basic megma, sucl: as Pb, Zraré.u, and Àg are also present in this

sulphide líquid., but tend to concentra'be and beeomu ç¡siçìred in la'be¡"

magrnatis liquids and hydrothernal fiuids"



Ü}LÀ#TER IÏI

I'E1'IIODS OF STUDT

Ge'+eæA-Elelenga!

Tlie distrii:ution of ineialLic elenenis has been rer¡ieiqed in the

foregoing pages rvitir respee'i; to theoretieal considerations" Ttre foj.l-

ouing sectíons contaj.n the results of a study of the relatÌonehlpe be-

tweon the base noetals copper, leadu and zåne and the prøcíous uetals

gold and silr¡er in Canadian -þase metal deposits in general, anci nore

specifically i-n the follor,iing three deposits:

1' The Vernilj-on Lake i'fr.ne of CIonsolidated Su-dÌrury Basin i4ines Linii;ed.

2, Geeo l'4ines Limited.

3" The Fh-n Fl-on }fine of llr-¿dsoir Bay Ì',fining and Smelting Conpg,ny Limited.

Á,ssay clata uiilrzed in the stu.d;r r,rere collec'i:ed fron tanadi-an pu"blieat-

ions cr:r¡e::ing fifty-ùwo deposii;s in generaL end fr"orn the assa;v- files of

the three rnines lj-sted above, It is hoped thai; this stu$y r,ri.tj- estab-

lisir the ed-sienee of proportional relationships ',rTrich i,¡ill be apptie*

abLe to all sucir deposits"

A bråef descri;otion of the statisì;ical r¡ethods employed in eval*

uating this data i-* given on the folS"or;ing pagesê

Aeeee-Ða1e*gvalq?lisn-þr*SÍ-a!,+"83¿saå-&Jbed_s-

Ce.ageiå+-Eege_. jÞ*!-ej--_Ðqp_ee-í!s i-.q Qener:al* The sanpling must be

random and a sufficient numi:er of assays must be eonsidered in the dis-

tribution if the distribution ci:aracter"istics are to be indicative of

the ore deposi is a.s a r,¡hole" rn thís siudy, the fol-ror+ing meiarlie
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disiribu-bions are consideredc*

/- \(1) the disi;ribution of gold anci sil-¡rer i;ith eaeir of the base niei,als

pr"esen'o in the deposii"

(2) the distr"ibution of the base rnetals i,¡ith respecl'uo eaeh otlrer ín

the deposír"

The obvious method of deter¡nining these relationships is b;r a

statistical evaluation of the assa;r da'ba,

Tire median value t¡as used throughout v¡heneveï an average value

was required,

The l4edian

The neCian is the value of the miC.dle item v¡hen the items are

arranged accord.ing to magni',,u.de. ft is an aver"age posii;i-on,

Tire mediai'L vras comï:uierl fror:r daia bi' interpotation" The nun-

ber of desired iteme was first deternine d. by N/2 vhere ll= the nwn'oer of

items (assays), The entorpolation for the median value r,+as then cal*

culated using the following equation¡

Iiedian=L+ie
f

r.¡here L = value of the i-or+er limit of the class in'i;erval

containing the median assaJ¡ cjeterminea by it/2"

C = class interval or the diffez'ence betr,ieen the

upper and loi¡er limits as inCicated in the

grouping of ihe cLata"

i = numbe:: oÍ assays required r¡itirin the group"

f = 'bota1 number of assays v¡ithín the group.

The ehara.eteristics of the nneCÍan are sueh that Ì;he medÍan is
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affec't,ed only by the number of assays, not by the magnitucle of the ex:

treme ¡"'alues (i"*" it is en average of posiiion)"

Ad-van'bages of i,he med.ian are:
/- \
( I) It is easil;'. calculated from grouped data.

(e) ft is not dis't,orted in value by unusual assays and is therefore

more typical of the seri es beeause of its independenee of unusual

¡¡alue.

The principal disadvantages are

arranged according to magnitude before

also tha'b i1, possesses Larger siandaz'd

arithmetÍc mean"

tha.t the data rnusi be grouped or

the median can be eorrçuted, and

and probable er:rors than the

Srguæ¡ss*qf Aeepv -!ä!e

Use of the median requires that all d.ata mus'b be grouped aecord-

ing to size or magni',,ude. The ba.se metal percent nay be used as a base

for this grouping and the variation of the precious uetal value deter*

nrined v¡ith increases in base metal conient, or converselyu the precious

rnetal conten'i, may be usecl as the base and the varíation of base me'bal

content de'berminod with increases in preeious metal content" ïn gen-

erale the variation in gold and silver values has been dotermined with

resl:ect to inereases in base me'bal content. The rnajor portion of the

graphieal work has been earríed out ûn an aríthnretíc base and the base

r¡etal value h¿rs been used as the independen-û varial:Le.

It is first necesser)' to arre,nge or group the data systemnatic*

all;r 1s order to anal;r2e nunerical data" ïhe data nay be arranged in

a nunber of ways, Technically, sucir an arrangement is knot'm as a



ildistribuLion or serjesr?" llhen the data is grouped according to nag-

nitude, the resulting series is callecl a trfrequency dis-.ributiontr" In

this thesis, the median r.ras calcul-ated for eaeh class in'terval of the

independen'b r¡ariable in a multicoh:¡rn frequeney distribution table.

Grapirical representation has been shomr by the follor¡ings

(i) Line or curye graphs on arlthmetie ruling.

(Z) LÍne or curve graphs on ser¡i*logarithinic or logarithmic ruling"

{3} tristograms or rectangular frequency pol¡rgons.

(4) logarith'oie frequency percentage euirrulative eurves on a serni*

Logaritirmic base"

Unless oì;hen+ise specified, all graphs h¿¿ve been ploi'ûed on a.n

a¡ithmelie base"



CÉ/{?TER IV

TIæ DÏSTIITBIJTÏOI{ ÛF GOl-Ð ÁND SILVTR, TÌ\j üA\.ui.DIÄi'[ BJL$E }frTAT DEPOSITS

9cssqaåå!êlescs$

The assembled base me'bal asËays rre:"e crnverted to ',¡eight per-

eent valu-es assiuuing i;hat these metal vaiues equalJ-ed LCIOØ for ptot'b-

ing on ir'í angular úu*Fb-ün di"agrams" The eonverted v¡ei ght pez.cent

value for [iu, Pb, and ãn were aiso ei:anged to atom^ic percent by di*

víding "Í:y the aÌ;onic r,reights of the eleruentË. Assay values for golcl

and silver ïrel"e conver',,ed frarn ozfton to parts per m:iltion (ppm)

and bo abomie proportions" Where used in ùhis study, the aiomie prÐ*

portions of Á.u ancl Ag r"¡ere mu1tiptied by the same faci:ar (atoraie

fa-ctor) as that used to convert the base ruetal r,reighi pereent values

to aior¿íc preeent for each deposit" This was done to give the pre*

eious ruetals the approi-r¡a,te same order ,:f magnítude as the coppere

Iead, and zinc atonic percent values.

The clata vas colryiled ancl tabled (Tab:-e 2) and the follor.'ing

tríangular diagrams 1"¡ere conË brue ted¡

ê.. Cu-Pb-Zn (r,ieíght Ø) combined i¿ith ¿u (ppn).

'b" tu-Pb-än (i,ieight %) e ombined with ,{e (pprû).

^ / J\ Atr ,' l. \e" üu-Pb-Zn (r+eight $) concined r+ithr S (o"ritorr7"

- / 
,du

d,. üu:Pl:-Zn (v¡eight Í) combined r+ith 4g (fAOO) (az/tanj"
Ag

€" Cu*Fb*ffn (ato.r:r-ic %) eombined with Au (atonj.e proportion X

aiomie factor),

f. Cu*Pb*ãn (aboruic /,J con'oined with Ág (atonic proportj-on I atomie
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factor).

-/g" r¡ì-r-r'o*,trr1 \a'üomic /í) eonbined i¡ith - "49, , 
(atomic "ilï'oportions) x

Áu(1-000)

atomi c faetor"

Base metal values weïe plËt''bed on the triangulãz. díagrams and the pr*

eeious metal values, convential or atonie, r+ere entered tlitle their

eorresponding base metal vãIueÊ" These precious metal values r,¡ere

contoured after obtaining the median value contained in a hexagon

having an area of about L/25 of i;hat of the tría.ngular diagram" Area

centers are shovm on the diagrams v¡ith the median \¡alues obtained"

Ece"'¿J!€-. qI --!be S!*uÊv

The resuL'bs of thís portion of the study are shown in Table 2

and illustrated in Figures tr to 7 j-nclusive" Figur-e I has been in*

clud 'io indÍcate the silica contents of igneous rocks (after Wilson

e.nd Andersoir, L959j" The triangular diagram (pigure I), itlustrat-

ing the possible relation betr+een Cu*Fb-En (r+eight percent) and Au

(pp*) siror+s a conceniration of higher Au values tor¡ard the Cu-Sn*

side of the diagran, i/ery sim'ilar results uere obtained in Figure

{" r,rhich illustrates the possible relation beti¿een Cu-Fb-En (weight

percent) and the ratis Aq ftz/ton x IO00) ¡ and i-n Fig,-rre 5 r^rbich
Ag

íIlustrates the possible relation bet'øeen Cu-Pb-Zn (atomic percent)

a.nd Au (aton-ic proportion x atom-Le fac'tor). Comparing these three

figures t¡ith the siliea contours in Figure Be it t¿ill be noted that

the higher Au values apìrear to be associaied t+ith a lor¡ si-lica con-

ten'b in igneous rock,s" ïn figure I and 4,, rhe s¡nall high oec'.ring

along Pb-Zn side has been aitributed to an erratic valueu possibly
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F$"¿¡,;r'e I, The fi.eld of copper-lead-zinc retlos f.n Lgneous roeÌçs"
Th'e *.pprod.n"ate pereentage of sli.lca J.u t!:e S.gneous roclcs ie
shoçniÉy contor:r Lf¡es. Ãrør HÍlson e¡d Anderson (1959).
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due &o anobher phase of nÍneralízation"

The triangular diagran (níeure 2) íllustrating the poøsible

relatíon beèween Cu-Fb*Zn (welghå percent) and Ag (pW) bhov¡s â co!l-

centration of Ag valuee along the Fb-Zn eide of the diagram wlth a

peaking tor¿ards the Pb end, GomparÍson of tu-Pb-Zn (welghè percent)

and the ratio Sg (æ/ùon) (pigure ]) also gfves a sím1lar trend with
Au

€he hÍgher raålo values, general.ly lone Ag, eecurrfng along the Pb-

Zn síde, In Figtere 6, røhich illustrates the possibJ"e rel¿tíon betsæen

Cn*Fb-Zn (atomíe percent) and Ag Ín atcuìie propor&iøs (mrltlplied by

atornle factor), a general concer¡tration of high Ag values oecur along

the Pb-Zn side, Several erratic values are presenË, but agaÍn, theEe

appear to be due to a second ptrase of ¡qineralization or to a high

gold eontent ln the silver. Simil¿r resulÈs are obtai¡red ¡uhen Ou-Pb*

Zn (atomie percent) Ís arranged against the ratio $g (atoriic pnoportion
Au

aultlplíed by atomic factor), where again the concer¡tration of high

ag varues is along the Pb-Zn Efde of the diagra,sr with a generar peak-

ing near the Pb end. Conrparison of Figures 2s 3s 6, and 7 rsith the

sLllea contarrs in Flgure I indieates a possible assoçiatåon of high

silver values wlth high sllica content in igneous roeks.

Dfgeussion of Results

The llnìt,ed amo,t¡nt of data shew $hat geLd and sílver

cre pneferentlatly distributed between the combln¿l.tlons Cu-Zn

and Pb*zn respeetiveþ" Higher gold vartres atre asso€fated

with 0u-zn ore deposf.ts eontaíning mfnor a,mounts of pb, ad high

sflver ualues &re associated ÞrÍth pb*zn ore deposits which

contain minor a,mounts of, cu" comparison - of these . .trersis (nryures



8.,

J" to 7i io ttre diagrain ii-lus'¿rating iire sÍLica eontents of ígneous

rocks on a üu-Pb*ãn diagram (Figure 8) suggests that the high go3-d

values sr€ associated r¿ith lotser silica rockË" Geoehemieal studies

on the dietributicns of gold and si lver in igneous rocks is generall¡'

lacking, and the linited data does not show any signifieant concen-u*

ration of goi-d 6¡ silver in any igneous i:ock type (Goldschmid'1, L95&j"

Thus, the distributions of these metals in ore deposíts roay be an in-

direct method cf determining the eoncentr:ation of golcl ancl si.iver in

an assoeia'r,ed igneous roelç,

ïn the ehapter on theoretieal considerations, it r,¡as shown

thai the eleiaents Cu, Zn, Pb, Au, a.nd Ag shouid be preferentially

enriched in the imnr-iscibi-e sulphÍde f.iquid during fractional cr;rs¡*

aL'J-iza+"ion of a be.sic megna eonte.ining these metallíc elements" 1-lh*

on the solid silieate phase has the composítion of a dioriten tlre

sulphi-cìes crJ"stall-izíng from the sulphíde liquid should be mainly Cu

and Zn accompanied by Áu and Ag," Continued differentie.tion of the

silice.te-sulphide liquids would resul-t in the crystallization of

igneou.s roeks containing higher silica ancl Fb*En sulphides aceomp*

anied by remai-ning Ag" The present disrribuiion study suggests that

the lar-gest portion of the Au. is removed during erys¿rtttzation of the

Cu-Zn sulphides and that the .å"9 is reuoved during the crysiallizaiion

of both Cu-Zn and Fb-Zn sulphictes end is generalþ the on1y precious

metal present in the Pb-Zn stage, Sim:ilar effects might be expeeted

if a hÍgh1y volaì,ile phase resulted ra¡her than an imnriseiÌ¡Ie sLrlph-

ide liquid,



The nature of the precåous metal associe.tion rnu"st ar,"'ait fur*

ther research into the problem of ttre s'Late of oecurrence of these

elements, esceciall¡' for golcl, Investigatiorrs are reqi:-i-reri to deter-

mine if the golo. is p::esent in the native çtate or ineorporeted ín e"n

accompanying suJ-phid-e mineral"



ÜH,APTER V

THE DIST,?IiJUTI01,í ûF i'trT.r\LS ïlJ TiIREE üAlfA¡IÂN

Êál$il i'{tT}it DEPOSTT$

.&.e*çul=!q--eË-!læ--Ð-is-!.qåþ-q=Lipl}Sti¿dåec

T. Thc*VermjJi"ça*Ãake_.iiiine -dT .CI-cnsoåj"S.a!"ed ,Ëjr.dhur_y-Je"s_i"F.

$igeq.ligajqd'"Sudþ"*-y--ÐåeÍrlqtu--û.a-1qaäå-a=

This mining property is located in l\iorthern ûntario and }ies

near the southr¡est end, of the sud'bury Basi"n" All" roeks in the vlcin-

ity of the n:-lne area &.re of Preea¡nbråan age" The mine area ís undey"-

lain by sedinentary and tuffaeeous roeks v¡hich have been corupJ.exily

folded and faul'ced" The roaín roek furpes are voieanie fragmentals

and tuffs, argrllite, earbonate, eherty earbonate, chert breecia,

Ii¡¡res'bone, and sÏate" Several late diai:ase dykes traverse the

f orma-üLons \ -{:'inrtLn e Lr) r'/ ) ,

Ëtru*'Luea.Ily, the nine lies r+ithin the Sudbury Basin ancl along

the verrnilion fault" Folding and faultíng are generally contp}ex,

The main siruc'bural featuee at the Ves'rnilion Lalce i'4ine is an anti-
O

cline with axj-e siriking N60 E" AtI ore to*date has been fomd on

the south limb of thås anticline"

The ore consists of clralcop;rritee sphalerite, gaLena, r"iith pyr*

i te, roarcasite, and minor py-rrhoti',e" The sulphides occu:n in both

¡oassi-¡e and disseninated form. The massive pyrite $pe is generallSr

high in zinc and ror,¡ in copper, and occurs nainLy along flre stratig:
raphie foo'Lr'¡ai-l of the vermilion earbona'be member, Iiigher copper

va.Lues are mainly associated wiûh ihe ma"rgins of ihe deposits.
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Í,n epigenic origin was pos'i,uleted for the deposit. üotl-ins

{WSf} thou.ght that as crystallizat,ion of 'ohe SuC.bury nagnatic nickeL

treË proceedecl, thø end fi"uids i+ould be enriehed in *¡olatiLes and v¡o:

uld i:hue account for. the late quartz-earbonate and leaC*zine veins,

both in the main niekeliferous ores and also v¡ithj-n the basin to form

the Cu-Pb*Zn ores at the Emíngton and Vermilion Lake properti es,

Thornpson (Har+ley, J,E,e L962e p*19) postulatecl that in the southvrest

part of the Sudbury Basin, the fine*greined coppere leado and zine

deposits are of a non-nicheliferous varåety and har¡e resulted from

eontemporaneous funaroLic aetivity. St¿nton (fçgg) believes that

these tu*F'b-En deposits have a s¡mgenetic sedimentary origin"

A maxi munr of 2800 sanples r,¡ere util-Ízed from tb.e assay f ÍLes"

.Assay data fron this property contained values for tuu Pb, frn, "A.r-lu

Âg and some for iron" Th-is assay data was not divåded into massive

and dissemina,ted types,

l&teÅ _B€t-iq.e

Figgrc 9, i{ítso¡r and Anderso* (L959) have dj-seussed the

distribution of Cr:. and Zn in Cu*Zn ore bodiee" "4. similer frequency

distr'lbua"ion for was oompÍ-led and eompared to the graph
Cu+Fb+ßn

presented by l{ilsein and. Ander-eon" ThÍs figure shor+s that the Verm-

ilion ïeke curve is sirnilar to the curves for the Flin Flon Ì'ilne,

Geeo lti-nee and for all Canadian copper--zinc sulphiiie ore bodies"

The Vem¿il"ion Lake distribution curve exhibits very sharp peaks at

boi;h the high zine end. and at the irigtr eonper end. The Flin Fion

roassive ore has a distribution eurve wíth a broad peak at *,hø zine
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end and a shar-p peali a.t the eopper end, The eunre for the Geeo maes*

ive ore exhÍblts only on.s sharp peak at the zine end r.¡l:ereas Ì;he diss-

eiuå,na"ted ore exhibits a ratiier sharp peak at the eopper end"

Ei_e"Bf_e _X.ç" Frequene)" dlstribution histograns for _-- Cu____* ,
Clx *" Vb + Zn

***gxt- t =*_ëÞ*---* for the Termil-ior¿ Lake Ìufine are shor.rn íncu+Pb+En 0u+Pb+zn
this figure, TLre , *4rå__ histogram (r¡eo assays) showe a unimodalÀu+Ag
right skelued distribution, peaking betr+een 0"01 and 0"02" The histo-
gram for - - Pb - -= (wg+ assays) resurted in a uni-nodaru råght srr-Cu+Fb+Zn
ev¡ed distribution, bu.t the peak was mueh broeder than that for Èhæ

=+* 
and occurred at, abouï 0"A5" The håstogramÊ for *.**ëg***r1l¿¡l1Ë Cu+Fb+ãn

GAjS assays) and Cu-

Cu+Pb+ffin
oceurring af, Q*C5 and 0"75 for

copperê

(ZgVl assays) are bimodal r¿ith peaks

the øinc and 0.05 and 0.95 for the

&tal R_etiop i_q t-h_q._No*t &opc

studies of the base æetal ratios in the No. 4. ore uoRe Lre

shovm ín Figures lle 3-20 and [J" rn these histograms, the ciistrib-
utions of the varj-ous base metals are shovn: for the whote zone ancl

for the ore bodies on the 4the Tthe and 9th le¡rels of the Vermitlon

Lake Ì'[ne"

Eågggg*Ål" The l{o. /, zone =*=:S_-_=* distríbution is bimodatGu+Fb+ün
ancl shov¡s the sarue forn as the Cu re.tio distributien for -r,lie mine.

The distributions of the tu yatic b;' leveLs are aLso bimodaL and. are

ídentical in form to the mine distribution, Exauiination of these

histogrems indicates a smalÏ decrease with depth in the l-or.¡ tu retåo
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w
peak at the Pl:*Zn end and a eû::responding smaiL increase in i;he híEh

tu ra.tio peak ai the tu end"

Eiguqe Æ" The itio, 4 zone :*-&:..--- dis'bribution j-s unimodalCu+Pb+Hn
and right skein¡ed and is sini-lar to the mir.e distribution, The distrib-
utíons of the Pb ratíos bJ' level are also unimoda-L and sirrilar to the

mine distributÍori in fonn" Examínation of the level distributions in*

di ea.tes an increase in the Fb ratio frequency vrith increasing depth

plus å shift to a i-orser Pb value of the centra.l tendancy or peak,

S_ieuEe !3" The fr"ecluenc¡, distribution of the *- En
Cu+Fb+Zn

ratío for the No" /u zone is l¡imoclaL and is gínilar in form to the Zn

rai,io disi;ributi on for the rnine, The distributions of the ãn ratios

by level are also sinrllar in form to the míne distribulion and shol^¡

a slight decrease in frequene¡'at i;he high Zn end t¡ith inereasing

depth" The frequency aÈ the Low Xn end of the diagram remains fairty
constant with ehanges in depi:h,

IåEWe_*]4, This figure llLustrates the variation Ln Zn ratios

in the No. 4" zone by aeans of a logarithnic cumula-tive frequeney gr-

aph" The similarity in form and the sJ-ight *¿aríations nith depth are

r"¡ell illusùrated"

EiStlLe"-Ll. The sarne data. ãs ltas utiliøed in Figr-rre 12 has been

plotted as a logarithmic cumulative frequenolr curve and cIea,rIJ, 111-

usfrates the snall variations in the Pb ratÍos r¿ith derrth"

-+ggåe*&. 
Logarithndc eumulative frequene5. curves ar.e sho!¡n

here fol the cu, Pbu z'n, and Au ratics for tho lrio" 4- ore zone and for
the ¡n-1ne Cu. rati"o. In general, the various curve$ shor¡ litt.le relation
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to one anoi;her'" The tu ratios shour the greatest disper:sion about the

mid poínt, folloi,'eci by Fbu Au, and Zn,

_EiÄår"e I?" This logari"bhrnie cunulaÈive frequenc)¡ euÍ"ve of ti'le

Cu s"atiös in the l{o" 4- zone again illustrates the såmilari-ty in Íorni

of ra.tio dis'bributions r,rithin the mine and the smaLl inerease in hish

eopper vai-ues r.,rith depth,

Ekggg_Ig* This figure graphieaJ-ly illustr¿.tes the variatione

røiih depth of the üu, Pb, &n, and Au ratios" ffi + -fiåæ; and

FÉ**;" (xIO) exhibit parallet decreasos in median values r+ittr depth"

- Çu--- median values increase with depth ancl ^ =# - 
medåanCu + Pl: + zn '"""-cL¡¡ v@¡qçp ¿!¡e¿ç ^ rL¿ 

ctl' t pu a gzl

yalues deerease r*Íth depth. Theee ratios are for the 1ìlo. { are zo!1@o

lþtal 4q.sg-cåat-ioae-in ihe }Esg

Iieug-e-E--t-?, ?"o-.u epd- 4' -{rithmetic rectangular graphs r'¡ith Au

{oz/ton} have been plotted agaínst eaeh of Cu.u Fb, and Øn (r+eight S}

in these figures" The resultíng graphs are all Linear vfth positive

slopes" 1'lhíle none of the s'i;raight }ines pass through the origins,

rhe y-intere ept value for -{u v¡as Less than 0,Ol oz/Lon whieh is çrith-

in the linút of er¡'or of the reported gold assays.

Eíqq-{gB-e?-*"9--a!-d 2/*" Similar graohs r.rlth Åg (az/tonl ptott-

ed against eaeh of Cu, Fb, and En (r.¡eígh'L Ø) atso resulted in straight

lines r'rith positive slopes" The y-intereept r.¡as muc|i closer to øero

than for the gold.s"

Fieq.Le ?1. This graph of the relation between /rg and Au (oz/ton)

for the No. 4 zone l¡lus randorn samples from other seeì;ions of trhe ml-ne

resulted in a straight line l¡íih a positive Êlûpee passing through the

origin, thus lndiÇaiing a very close relatíon 1¡etv¡een these tr,¡o metals"
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Eågure 26. PloÈting of random sampJ.eo frøn t'he Ver¡nilion Ï-ake

Måne for Cu ard Zn (weight Ø) rezulted fn a straighfl lÍne ptot with

a psft,ive slope, The y-intercepb value of O.5Oß Cu indicates a sep

aration of the ore lnÈo high copper ad hlgh øÍnc por*ions.

F_i$rrq 2?, PLcrtting of randon sanples of Zn and Pb (r'*elghb É)

from the mine yielded a sÈralght lfne with a positive slope, passÍng

througþ the origin"

Iron AssoeÍatlone

Arithnretie graphs lnvolving Fe assays were rathEr inconsisber¡t'

but general trerde could be noted. The aetual. source of the Fe eøu}d

noÈ be determined frml the assays alone" CInly Zn versus Fe (&¡eighÈ É)

l*as plotted for the míne because Cu, Pb, ard Zn appeer to be eloseþ

reLated,

fÍæ_?9, In tbe No" l+ øone, 9th levele øinc ard iron show a

Llnear relatíon between ø-3,911 Zn and L2-L6fi Fe. Above 3î6 Zn, the Fe

eor¡tent of the ore shorrs very 3-lttle varfation"

Figure 29*" fhfs graph idicaùes a Li.near reLation between Zn

ard Fe at A-5% Zn ard LO*LV% Fe" Above 51[ Zn, the Fe values terd to

decrease rapldiþ,

Fizure 30" TI¡e relation betweer: Cu ad. Fe fn ühe No" 6 zone,

?th Leæ} ie shosm i¡r this fígure, fhe relatlon 1E sinilar to the

trerds showr in Figures 28 ard 29" Fe i.nereases with lncreasing Cu

up ùo abort 8S wtrene, çrith eontinued inereasee fur 0u, the Fe tende

to deerease slighùþ,

Zone Variatlons

Shrmerous statlst,ieal anatryses srere earríed ort o¡r irdividual

ore uones in an attenpt to deteet any variatione ån these zoRes fræ

bhe nalne diEtribrrtÍone and to furùher delineaÈe a specifle base netal-
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preciÐus rûetal affil-iation.

*+ qq- l¿"- 33_*Æ*åe-øAd*åþ, ArithmetLe ry*phs of ,{u vër.suË

Ag (r^'eight S) froia various ore zone anc leveJ-s îJeï'e conetru-cted." å.s

previ"ously noted, Figure 25 nas been assuned to represent the nine Á.u*

Ag relation" Figures 31" to 35 Ínclusive yielded linear graphs wltlt
positive siopes, ali passing through ihe origins" sone eha.nge in st-
ope is Ì;o be expeeied as it has been shourn ihat; there is a smalj- var*

iation "n **-êEr_ with depttr (Ficure tg)" The ore zones studied were;Au+Ag
No. 4 zones on the A,th? 6bhe ?th, and 9th levels andu No" 6 zone on

ihe 6th and ?th levels"

EigUreg_j6"_-j?*_*Apj_?$.". In the \ta" & zone of the 9th Ïevels

graphs of Zn versus Pb; Zn versus Au; and Fb versus J*u (r"reight f"j na_

ve been dre.i"rn up. Tn these thres ca.sese LÍnear ptots r*ith positive

sropes were obtaÍned.. Á.tt Línes passed through tho origins" rn Fig-

ure 38 (p¡-¿u relations for I'Io" /r, zaner gth tever), onry three assay

varues cor-rld be found in the 4-5% pu renge so 'Lhat the resulting Au

nedian value r{as assumed to be erratic and r"¡as not eonsidey"ed. in the

graphical interpre i;ation,

I¿ggqe_.:g" Cu*Au relations (r+eight f") i" the No, 6 zone, Tth

Level are linear r'¡ith a positive slope. The y-intercept varue of

0'C05 (Tr" gotd) ís due to the faet that an assay value of 0"005 az/tøn

was used for assays reported as tr¿.ce"

-Eåelres-/'0 aedll' rn the jrlo" 6 zonee ?tl: tei¡elu gra.phs of xn-

Pb; Pb-ag; (weight ,%) resur'tec in straight lines vrith posii,ive slopesu

passing ihrough the originsu



tr
Ê o .t5 N o2 b0 4¿

I
o

0L
23

pb
 

(r
¿

t 
É

)

F
lg

ur
e 

{1
. 

P
b-

A
g 

re
la

tlo
ns

 (
w

t 
É

) 
ln

 th
e 

N
o,

6 
Z

on
e,

 ?
th

 le
ve

l, 
V

or
m

ill
on

 la
ke

 l'
{ln

e,

r.
5

1.
0

ba
.

+
) þ u 

o.
5

()

bq
. ç vO

.

, ()

?'
n

F
l-g

ut
'e

 4
3"

 Z
n-

C
u 

re
la

tlo
ns

ts
ke

 Ì-
fl.

ne
,

F
lg

ur
e 

/e
2.

V
er

ni
lfo

n

Z
n

Z
n-

C
u 

re
la

tlo
ns

Le
ke

 l
fl.

ne
.

(r
+

t 
É

)

(w
t 

f,)
 in

 th
s 

N
o"

r.
0

(w
t 
Í)

(w
t 
Í)

 l
n 

th
e 

N
o.

 6
 z

on
e,

Þ
o ; 

0.
5

t*
 Z

on
a,

 V
er

n¡
ili

on

I C
)

ï¡
lg

ur
e 

4/
e.

N
o"

 6
 ã

on
ou

V
ún

s"

¿
,6

B
T

O
zn

 
(u

t 
g¡

Z
n*

C
u 

re
la

'b
io

ns
 (

w
t 

É
) 

ln
?t

h 
le

ve
l, 

V
en

n:
T

-I
io

n 
La

ke

12 th
e 

_! @
.



79

I]rapr. ç .lå. The rela.tion beti"¡een &n anC Cu (weight ,,%i in ttre

No' 6 zone i s shot.m here, "4. linear relation exi sis beiween üu ano

zn above 2'/' frn" some high cu values appear io be associated r¿ith

the 1or,¡ tn iralues and this seatter at the loi^r zlnc enc of the diag-

ram is assumecl to be due to the s6p¿¡ation of ür¡ and Zn ore types.

{i.e}¿re_ 4,3" Cu*Zn rela'bions (r¿eight É} for the llo. { zone are

represented by a straight Line with a posítive slope. The y-inter-
cept varue of 0,/+0/, üu again points to a separat,ion of ore into tu*
riehr and Zn*rich portior.rs"

,Eiguqg"44" Cu-Zn relations (røeigtrt 1) tn the j\Io" 6 z,one, Ttrt

level are simil-ar to ihe resu.lts for the No- 6 zane (trigule t,p.j, ln
ths.t the relatj.on between the elerneni,s is linsar above 271 &n and that

0u may be present in the absence of än"

EåCgåg*4å-gBd:4É" In the tìo. 6 zone.' 7th ievej-, graphs of ün*

Au and Fb-Au (weigh-t, Ø) resurted in s'r,raÍght Lines with positive sr-
ope$ pessing through the origins"

Figqre 42" üombined Pb and au var-ues (r+eight f,þ tsr the rdos"

le and 6 zoneso 7th and 9i;h levels, again resulted in a si:raight i-f-ne

passing through the origin" sone scatter of points can be noted,

espeeiarJ-y for the high Pb values" The rera-r,ions betv¡een Äg ancl Au

in these zoTles has been discussed previousþ (nigures 3Lu 33, 3/+ anð

35) "

ålssås tqqpgËIiqqc

Ïn a further study to dete:'rníne a specifie base ne-bal-preeioi¿s

uebal af-fíliaiior:, statistical studies in atonie proporbions vere
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8e

ça:rried out ün lead., zlnc, and gold in the r{o" 4" zc¡nes 9th level,

and the ltlo* 6 zonep ?th Lever of ihe ve:"urii-ion Lake Iuline.

Iå.S!1Igg -4,-ü:944 1'?, Grarrhs of Zt veisus Àu and Fi¡ versus :lu

(atonic proportions) in the No" 6 zoneu ?th revel, resulied in si*

raight lines r,rith positive sJ-opes passing through the origins, íncl-

ieeting a very cLose relaiion betr¡een these ilrree metars"

fiqt¿Ig"q-j"q*aqÈ_åÅ" Graphs of Zn versus ,4u ancl Fb versus Au

(atoinic proportions) ín the lrtro" h zone, 9th tevel, again resurted

in sì:raight lines and results simiJ-ar to'bhose obtained in rigures

/a8 and ffi"
gigu{q-å?, The data for Zn versus Au and Pb versus /,u (atorci.c

proportions) for the Ï{os" /+ ancl 6 zonesu Zth and 9th levels, tÍas cojr-

bined and plotted in this figu:.e" Fiere again, stra.ight line ptots

with positive slopes pa.ssÍng through the origins resurtecl"

{i-gH{g .53' Corubined atordc values f or Zn versus Pb were also

conpilecl for the TrIos" /. and 6 zones ancl again a l-ine¿y graph resulted.

The rine had a positive slope anci passed through the origin*

Graphical prots of Fb, zn, and ,A,u in atomic proportions :'esuyro

ed i-n straight Línes indicating direet proporiionality betr,reen these

metals.

FigËqg""5¿. It has been siroi.rn tha-b there is a very close rel*
ation be'bveen Cu, Fb, and ln anci the precious metals llu ¿pf, 4*, To

illusfrate the variaiion ín gold disiributj-on i+ith base rnebal gradeo

a logarith¡nic cumula-bi"¡e frequency cr.rrve l¡as drar.m up for the coi¡b*

ined assays (v¡eight f") of Zn and Au in the No* /¡, zoneu 9th tevel and



w
the i'to' 6 zoner T'bh tevel" Due to the siiniiarÍt¡. of rel-aiion betr.¡een

the base mebals and gotrc'l, tÌ^re fi-gure sirou.Ld be represenilative of the

dist¡'ibution of golcl assays wiih any of the three econoi:ric base netals

ai ihe mine" Tire change in freqltene)r fron lor,¡ gold values r,¡ith inc-
reasing zine v-¿Iues is readil;' aÞparent" The coefficieni of variation
also sirolrs a signific¿¿nt dec::ease with inc::easing zinc +oirtent,*

Jq{a-y. idsêl E¿"egp_Bg-l¿_q$siþ qtisq

Iig!åe..5ã' I.requency distribui;ion his'bograms of the abunclances

of individual meballic elements Õecurr-ing in the deposit have been

preparod' Stanton (fg¡g) carried out si:nitar disir"ibui;ion sturlies

for cu, Pb, and. zn in sone sulphide deposiis" Hisrog^rams for cu, pb,

Znu Au, Ag and I"e are shor¡n in Figure 55. lhe distributions for üu,

Fbu lnu A.u, ancl "4.g are alL u¡i nodal ancl right; skei+ed. ancl exhibÍt sharp

cent'ral tendancies. Tire cu, Äg, and au content of the ore generall;r

renaíns lot¡ and very constant as shor¡n by the rapid, reguS.ar decline

in frequ-eney" The Zn and Pb content of the ore is sorner+hai higher

and the distributi.ons appear to be nuch more variable,

Tho Fe conüent of the ore exhibits a bimodal dístribution with

one sharp peatc a'u the Lo'.+ Fs end of the diagrarn and a very broad peak

rangíng fxon 21 Fo to 32f" Fe, The Fe dist::ibution diffez.s greatly

from the dis'i;ributions of i;he cther me'üal-s and siror,¡s a uj_cie range of
rralues' ì'{edian neial conteni of ilre ore as deier.mined fron these

disiribu'Lions is as follows: Zn = L"L9,%, Ca = O"TLf'z ?b = L,U),Ág

!\g = 0"6/+ oz/ton, Au = û"LO az/tonp and ïe = 13,5ß"

Frequeacy dis¡ríbuticn tables compíled for this mine are shor.¡n
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in the appenciix"

Ëssså,ÐL-q{..-&eee.{!s

l. The dist::ibu-'¿ion "t mr-#=l; ut the verruj-Iion rarre

i;line is similar to tire eopperå zinc d.istribution curveË for the Flin
FIon I'tneu Geco !'Lne, and for all canaclian coppe::*zinc sulphide ore

boclies (trigure 9)"

2. 
"--AU=_ and =-**Eb---,=- distribu¡ions for the mine ar.e¡tu + Ag Cu_ + pb + Zn -'-*

uninodal and right shewed (Fi.gure I0).

3" ,, *--!,o-=-=- and =--*-&F*.-: disiribui;ions for the riúneCu + Pb + Zn Cu + pb + Zn --"---*'
are binodal r¡ith sirarp peaks at i;he high Ín and high Gu encls of the

diagrans (FÌgure IO) indicating separa-bion of the ore into hi¿gh -Ån

and high Cu zoires"

{. High tu ratio fz'eclueney shor."¡s a smarl- increase iøi.r,h d.epth

(nigure Il) in the i{o" t, zone"

5" Pb ratio frequeney íncreases slighbt;, r+ith depth and the

peak shifts to a lo'¡er pb vahre (figure 12) in the lÏo" la zone"

6" Itigh zn rabio frequeney sho'."rs a small d,ecrease with depi;h

(Figure 13) in the äto. f. zenc."

7" the clistributions of cu, pb, anc]- '/,n ratios in various

sections of the nine shor¡ no variation in for-m i,¡ith respect to the

¡sine disùr"ibuiioirs (rigures t0 to 17 ínclusive).

E" Pb, zn, and au ratios show smarr deereases in value r.¡ith
Íncreasing depi;h" cu ratios increase stighily with depth (r:-gure 1-g)"

9" Au- and Ag ar.e directl;r prol:o*Liona} to Cu, pbu an<i &n in
the mine (Figur"es L9 to Z/o inelusive)"
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ÏO" åtr ís direetly proportional to Ag in alL partø of the mi¡e

(Figures 25, 3Lu 32s 33e 3hs atú 35)"

11. Cu fs dlrectly proprtional ta Zn ln the mfne, AS n-ì.I Zn,

the raedÍan Cu value ís abor¡& t"5t% indicat{ng separatlon of ðhe ore

body Ínte Zn ríeh and 0u rfeh poz*Íons (Fie¡rres 26, W, lr3u and lal+),

12, Pb 1e dåreetly poporÈlonal to Zn ln the nine (Figuve 27) 
"

L3. ïrorr show a LÍnear relatlon to tu, Pbo and Zn at, l.oi* to

moderate base metal assay values, Above 5-87å Zn and Cu, the fron

csntent of the ore generaÌ.ly decreases (fi$res ?:8e 29e ar,rd.30)"

14" ÐÍrect proportionallty reLatlons between Cu, Pb, 8n, Au,

and Ag exist ån al-3" parts of the mine. Ns zonaL vartations ?rere

noted, (Figures 3L to 4? inel¡¡síve)"

15" Pb, Zno atú. Au are díreetþ proportÍonal also in atomic

untts (Flgures 48 to 53 lnelnsive)" A speciflc preeious netal-base

netal assoeiatíon could not be feund"

16, The individuaL eLemenb dístrlbutions of CIrro Pb, Zn, Auo

and Ag all have slmil¿r eorm (ftgure 55)"

2" Geco Mines Lim:l,tg4, Manitorlwadge_]A.rea,å_]On:þanþ

This property is located Ín the l¡fanÍtouwadge Iake ninfng area

of $Iorthern Ontarlo, 8lL consolidated rocks in the mine area are sf
Frecambrlan age (8.G, Pye, 195?) " The proprty is underLaÍn by a

serLee of neÈasedfments and lron formation havÍng ån east*tdesü Èrend.

and dÍpping north" Granodiorlte inbrudes this series in the form of

dykes and ímegular bodies. srfiel¡. bodfes of pgnatiÈe, micro-graråo-

diorife, basÍc lntrusionE a¡rd-dfabase also rnake up a portíon of Èhe
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Í"ocks i-n ùhe mi-ne area"

The principal si;ructural featuro on the property is a large

right*band defleetion in strÍke. rt is believed to :.opresent an open

or incipienb drag fold eompatibte with the major strusture in the &,rea.o

The maín ore i:ody J.s composed of two iypes of ore; massive sur*

phide rieh in zinc with copper and silver'; and disseminated sutphÍde

whlch is poor in zinc bui contains eoppe-i" and silver. The massive

ore is principalry eomposed of pyríte, pyrrhoùite, chalcopyrite, and

sphalerite, and it is made up of three prineipal ore nrixtcï.ess*

a) pyriie and chalcoplrï"ite r+ith mj-nor sphalerite and pyrrhotite"

b) pyrite and sphaleriüe with iuinor ehalcopyrite and pyrrhotite,

c) pyrite ar:d pyryho'i;ite with rainor chaJ-eopyrite and sphalerite" The

disseminaled sulptii-,ie ore ís composed of pyríte, pymhotite, and ehal*

eopyz'ite with subordinate sphalerite,

The ore body has been classed es a replacemenù deposit of the

fissure Qrpe r.ihere e. cûre of mas,sive sulphides is enelosed by å.rr êï1*

velope of diesemlnated ¡aine::alization" The host roek is a museovite-

quartz sehist.

The paragenesis of the ore íe as followss*

pyrite

quertz-pyrrhotite

formation of chalcopyrite, sphalerite, and eubanÍ te

forme.tion of galena, tetraheclriteu mareasi¡e and sericite folrorsed

by or accoryani-ed by the formation of argentii;ee pyrreryrite and

natise si.Iver"

1.

/,ø

3,

&,
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spectrograÞhie anarysis (F.F. ),ani:forcu Lg5s) has shor,n: iha.i
sil-re¡" is closeÏ;,- associated vith ehalcoi:yrite"

Approrinately 1500 å,ssaJ¡s vere evaluated in the study" Assay

claia from the Geeo Mine eontain ve-rues for cuu zn, ancl zrg, ancr ha.ve

been brolcen down i.nto massive and disseminated ore at the mine office"
Ïndividuar metal ratios r+ere in,¡estigated ancÌ separate graphs i.re::e

conipiled for massíve encl dissem:Lnaiecl ore types" l,ihere lineari.ty app-

eared vague on arithmetic based graphs, plots r¿er-e d,one on logaz.ithmic

paper to ascÐr'uain r"¡irether the re|ations were logarj_thmic, Histrograms

of the distributisns of individua} netal assa¡¡s l.reïe coinpiled" tonsid-
erable r,¡ork on the 

=- 
.9p=-- ratios has been conpleied,by H,Ð,8. r¡iilsonCu+Zn

and D'T' Anderson" The reLationship Tretween total bese metal content
and si-Lver was also investigated.

The distribution of the ratio ** J_å_ f r¿igh.i; pereent) for thi-sCa+Zn
propert¡r has been dealt r^¡ith previously by Anderson and Wiison (yg|jg).

Ït l'¡as shor'nr that ihe Cu ratio distribuiíon for the Geeo rnassive o:"e

was unimod.ar and righ'b slcewerl r^rith sharp peak or central tendaney ai
the high zn end of the diagraru" The frequeney dis-i;ribu_tion for the

Geso dissernina'i:ed ore l¡as again u¡rimodal but r.¡as Lefr sker,¡ed and the

een'Lral tendancy r^ras very broad ancl occurrecl at the high cu end of
the di-agran (Fig';r-re 9)" The vertical distribution of copperz zine
ratíos r,¡as found to be reletiveLy uniforni in slupe and median r¡alue.

rn this study individuar metar ratios v¡ere studied separatery
in the n:assive and dissem'înated ore types and fo:. il-re ¡rine in generar"
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Figure 60. Ag-Cu relatfons the massive ore, Geco lt6.nes Limited"
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Þs.

.iJ

:Jû

ó"0

4"O

1"0

0'

00

O"lu

F3.gur.e 61. Ag-Cu relations $¿t fl)
(S.ogarithnric bese).

1n the massl.ve ore, Geco lfr.nes tLnited.
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Fi..Ag-r-e-.56" The arithinetie graph of Cu versus Ag (veigtrt' ,q,) Ye*

su}ted i-n a straight line r'¡ith a positive sl"ope" The y-in'bercept for

Ag being about A,"Ïfr ozft'on"

-figuge-5-?. The graph of En versus Ag (veight %) yiefded- a gen-

era.l scattering of points Over a small range of Ag along ì:he totaÏ

range of ãn va.Lues" Tn the lor,r assay rangee only a single point is

lower than the trend and i;his represents almost no rn-ineralization a"t

aII" Analysis of fln values greater than I/" resul,ts a stnaig,rt wiih

a srnall negative slope, índicatiag little or no relation betweøn län

and /*g" The negatíve slope indicates thai; Ag values decrease with

increasing En.

fig!åg-å$" Analysi-s of the Zn-Á.g data using Ag as the indepen-

dent variable yíetded the results shovm in Figure 58. The trend is

l-inear r+ith a negative slope indicating d.ecreasíng Zn value ç¡ith in-

dreasing r\g values.

Fieurç-59-. Ânalysi-s of Cu + Zn values using Àg (r,¡eight %) as tle

Índependent variabl"e resulted in a exponential t;rpe cürv€e The graph

shor¿s a }inear' 'brend up to l3/, Gu + Zns r.¡here a break occufs and the

trend changes to one showing no reLation betr,¡een Ag and Gu + Zn.

Figqfe éQ-e+4" 61" The graph of Cu versus Ag, i*ith Ag being

the índependent variable (sa¡ae data as Figure 56) using an arith-

metie base resr.rlted in a straight lÍne with a positive sLo;oe and

passed through the origin (Figure 60)" Plotting of this same data

on logarithr¿íc paper (figüre 6t) yieLded a straight line i,¡ith a
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Positive sLr¡le i.¡irich passed througir the origin" Similar trends

r.¡ere obtained in figures 56s 6t a.nd. 6L ai:rcl rno.icate a clirect rel_
alion between Cu- a.ncl hg"

Fiau:rgg, arld 6j" The a::ithmetic relai;ion betv¡een Á.g and úu

+ zn (l¡ei ghr %\, as shoi'm in Figur-e 62, is exponential" The gra.ohu

t'rhile being sonewhat linearu rises i;o a maximum and falls off r¿ith
increasing Cr.i + Zn valuee. The ma>d¡num si[ver content oceuys at
about L7'fr ca + zn. pJ-o bting of this same data on rogari-thmic paper
(Figure 63) resutted in a linear trend r¡ith a rapid drop off at the
high cu + zn end of the graph" The r:erati.ons sirol¡n in Figure s 59 s

62, and 63 indieate that Ag is not clj.rectry proportional to combined

Ca + Zn values.

Eiqure -6-lr" Flo't ting of cu against zn (i,reíght ..%) in the nassive
ore ¡esulted in a r-i'ear trend r,¡ith a negaiive srope. There is a

fai:' amount of scatter aboui this lineu bui the trenct of decreasing

ãn rralues with increasing Cu sontent is real and. apparent,

DissennÍê_at_e-d 0{e

-å. simitar stetisticar anarysis r+as cer-ried out on the metar-

eontent of ihe disseninated, ore"

ligpr.e,-éå, Ptotting of cu agaínst zn (r'eight .%) yielded a lin*
ear trend (.a') r¿ith a small positive srope, indicating onry smatl
changes in zn with ra::ge changes in cu" ?his line suggests an eppar_

ent relation bett+een Cu anci 3n" Lloi+er¡er¡ if sne considers that the
zn associa'ued r+ith ror¿ cu values represents rittte or no n-inerariz_
ation at a.ll ancl cen be repz,esenied by a tine ¡¡ithr a zero slope
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(1":-ne B), then the higher ãn valures assccia.'¿ed- r.¡i+,h üu mineralj-zation

can be represented by a Line '.¡ith a zero slope (line ú). Lines B and

C indicaie that no re]-aiion exi sis betv¡eer¡ Cu and Zn,

Fi-gUrg-6é. The graph of Ag verîsus Zn (r,reight S) shor,,s two trendse

Ag and 7,n are di-reetly related to about 2"75'/" Zn, i,ihere the curve brå

eaks and the slope changes from a posiùive val-ue to zero" i"boui 2"75f.

Znu Ag shot+s no relation to ihe Zn content of the ore"

{irye jT" .&na.Iy-sis of the Zn-r{g data fron lrigure 66 on a logar-

ithmie base resulted in a more lineaz'r'elation, suggesi;ing t,Lra'i; the En*

Âg relation is exponentiai.

Iigåæ é9, -ó9o-*arlIl*7,9" The relation berr,¡een tu and Í.g (weight /")

on an arithmetic scale is shor,¡n in Figure 68. The resulting straigh.t

line has a large positir¡e slope and pesses through the origin" Ftott*

ing of these Cu and Á.g values on Logarithmie paioer (figu:'e 69) resul-bed

in a sinuous iinear trend, índica'iing tha.t the relation be'ween Á.g and

tu is arithare'uic rather than e4ponential, Plot,ting of bhe Ag values

on a logarittrmic scale r.¡ith Üu values on an arithmetic scale tended

to make the lÍnear relation betr¡een these tl¡o netal.s more apparen-r,,

$Src_:¿, This graph shows the relation betr.¡een :Lg and üu + Zn

(!¡eight l") in the disseniinatecl ore. The resulting streight line passed

through the origin and had a positive slope" -A.s Zn is a ninor eonst*

ituent in the disseminated ore, its effee-b in the Cu + Bn relation

r"¡ill be very snall,

3þe.'l4ne

Iågf¿fS*U. The relation betr¡een Cu ancl f.g (rueighl %j tor the mj-ne
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ås shovin in this figure, The resulting graph is e..straigh'c line

r"'iihi a positive sl-rpe and passes through the origin"

Hgj:sg_-ru" This graph again suggests thar, &n and Ag (weight

,q") are not direcily related" Zn anð, ,{g shor+ a lÍnear relation up to

about 2"5i1 nn where the curve breaks and 'i;he slope of the Line begins

to deerease" Ä second break in the su-rve oecurÊ at about 8,4" xn r,¡here

the slope of the line becomes negative.

Tl-gVfç.7à, Zn-Cu relations using Cu as the independent variable

are shov¡n in Figure 7dÁ., Cu and 'Ån appear to be di:"ect}¡r related up

la gî1 Cu end 2"51" &n" At the point, the 6urys shor.rs a large break"

Abo.re g% Cuu 3n values decrease r,¡ith increasíng Cu" f"nalysis of the

data usj.ng Zn as t,he índeper:dent variable yielced símj.Iar resu.Its

(Figure 7/*B)" In this easee Cu inereaËes proportionalþ ta'Zn up to

about 2"J/, &nu v¡here the eurve shor+s a øharp brealc" With increasing

Øn valuesu Cu shorus a repid decrease" These figLrres suggest that tu

and Ãn are rolated over the lorser grade range$ø

IqÇ-íI¿dj¡-qt E tc tqen_t_ Ð i c tgí_b qti_og

fig_q__!j, Frequeney distribution histograms of abundances of

indiviciual metallic elements oecurring in the Geco deposi+" have been

prepared and the foltowing distributÍons have been noted (Fieure ?5)"

ïn the na.ssive oree cÕpper and silver shor+ sim-ilar distribut*

ions, being unímodal and right sker¡ed t¡ith shaz'p eentral tendaneies

in the lor+ assay rangeø Such distributlons índicate that the üu and

.{g values generally remain loi+ and shor¡ a coirstant distribution* The

zínc distribution is charac'rerj.zeð. by a lar"ge degree of dispersion
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å.nd'by ti'¡o broad peaks, iüo d-efinite eentral ì:endanc], is clear"ly showr.

i'ieclian netai va.iues foz' the massi ve ore as determinecl from these dist*
ribui:ions are; Cu= L"6Lfr, Ãn= 8"Ë/?i¿s and Ag= L,g8 oz/'aan"

In the disserninated ores, Cu-, tn and Ag have sir¿iler distribut*
ion being unirirodar and right sker+ed" ?eaking is very sharp in arl
cases and occurrs in the Lol¡est assa;r ï'angesø The disiribution for
Cu is slíghtty more varieble in that the Cu values d.o no.L falL off as

rapidl¡r as the distributions of zn and Âg. I'fedian mete.l values for
thq disseminated. ore, as calcr.rlated from these distríïruti.ons are; Cu=

C,"6O/,e &n= O"36fo, and. Ag= 0.3¿' rtz/tan,

The eopi:er distribution for the mine, i.nciu-cLes massive and. diss-
enúnatecl cres, rernains unimodal and right slcer+ed" The peak ís very

sharp and occurs in the lol.r Cu assay raitgeô The mine distribution of

Zn va.lues becomes strongly right sker+ed and unimodal r"¡ith a very sharp

peak at g.$)i4 &n" The sÍIver distribution for the mine is strongly

right sker.¡ed and unimodaL Peaking is sharp and. occurs at the low .Ag

end" i'bdian values for the erenents are; cu= 0,85%s zn= o"69,e,u and

Ag= a"73 az/ton"

f'r'eo-aeney distribütion ta.bles used in the Geeo study are inelud-

ed in the Àppenclix,

Ë.qupe.Æ*-oJ*3e-ÊËrJa

j''¡assive Ore,

l" tu and Ag Ðccu.r in direet proportions (Figur"es 568 60 and

blj "

2u Zn and Ag shor,l very little relation to one a.notheru In
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generale Ag deereases u'ith increasing Zn (Figwes 57 a.nd 56),

3" É.g stror,¡s no direc'¿ rei-ation to corsbined. tu + än vaiu.es"

Tlre r"el"ation anpears to be exponen'r,ial (figures 5gr 62¡ ana ó3)"

/+" cu and zn slior+ åndirect proportionality" zn deereasee wíth"

increasing üu (Figul'.e 6/rj.

liepeqtÊatc**k.

5. Ga and ln shov¡ little or" no relation in this ore type

(Fieure ó5) 
"

6" AC ancl Zn shov¡ a direet relatíon up to about 2"75,/. Zn"

Aborre 2,'157; Zn, .A,g is unreS.ated to Zn (Figures ó6 and óZ)"

7" Cu and "{rg are direci;ty related (f'ígures 68, 69u and T0).

B" Ag shows an apparent dírec'c relation to Cu + flnu possibly

due to the mínor effect of Lol¡ zinc assays in the disserninated ore

{rtgure 7I) 
"

l&¡lq -D-iå,:Sri_þ ¡¡!-Lqns

9, Cu and Ag shor* a direc'c ue|¿!i.on (Figure ?2)"

L0. Zn and "åg show en appa:.ent direet rel-ation in the lov¡ ffin

assay range onl¡r. líith highør ln values, Á.g tends to deerease vrith

inereasinc Zn (Figure 73) "

trJ- 0u and ün €,ppealr to be directly

only, In the higher assay ranges, Cu and

ality (rigwe ?4.).

related over lor.¡ assay ranges

Zn shors indirect proporiion*

L2" Distribution histograms of the aÏ:undances sf individuat

eler¿ents ê.re generatty sirailar in form for cu., En, and Ag in all ore

t¡pes. The zn content of the massive ore Ís an exeepticn hor+er¡er¡



r03

and iË eharacierizect by a l-arge arnount of di*persiolr. Sueh histo*

granis do not sugges'L any speeifåc element assoej-aticns at the

Geso Ì,hne"

3" åh"ç*-n---¿åe. *Ëg#te"
U-ogåþssp-"lq.nit-o.þe'

The FlÍn Flon I'ti-ne ås loeated in lior'r,hern lvh.nitoba, abou.t

d00 uåi"es north of Tlinnipeg, l,bnitoba.. /+ll roek forrnations in the

mine area are Preeambrian Ín age and consÍst of a. serÍes of volcanic

roclts overLain unsonformably by a clas'i,Íc*sedirrrentary series. Thís

sedimentary-volcanic series has been íntruded by aeid.ie and basíc

intrusions" The volcenic series is made up of aeidie and basia flor+su

tuffsu agglomerates, pLus some årregular intrusive bodies and minor

sehists. The sedir¿entary series is mainly'arkose and conglorúerate"

The ee*Lier inirusive roctrcs are of basic eompositíorr. and have

been errplaceit as dylees and sinall masseË. These r¿ere follovled by

batholitltic intrusions of gra.nite ancl graníte gneiss acconçanied

by dykes of granite and quartz porphyrSr. I¿ter dioritic d)'kes cut

these granites (Älcock, Fo,T,e L93A, and Bror.¡nell, G"Ì"i", and Kinkel,

^A"A,. e Lg35) "
ô

ïn the r.njne area, th.e lava flor,¡s and pyrocl-astj-cs trend N30 !f

end dip 7go East. Faultíng is parallel t,o tl:.ese beds. Pre-ore shear-

ång and reverse fautr-ting provided ch.annels for tho nineralizíng

solul,i0ns.

The pr'íncípa.l m:inerals in the orebodies are pyrite, sphaleråte,
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ehaleopyråte, plus månor amounts of, go3-d. and silve¿,"

Tl¡o dístinet types of ore are mined, but three ore types have

been recognåzed;

l-, Sol-id sulphíde oye (massiwe) composed of ppeite, sphalerite,

charcopyrite, r^rittr minor p¡'uhotitee arsenopffiiteo eaLeite u gold,

and eilver,

2^ Dåsserninated ore composed of eountry roek inpregnated wtth

sulphides, ChalcopyrÍte and sone p¡rite are the inain sulphj-des

present. ltåinor anaou.ntg of sphalerite, gold, and siLver have been

noted"

3. ïnterbanded ore i¿hieh represent,s the transitlon betu'een

-01åssívÊ and disseruinated ores and contaj.ns sphalerÍ-ie, ehalcopyrÍte,

p¡.'rite, go3-d, and silver.

The soi-ld sulphide bodies forn the eentral por'r,ion of tire ore

Ienses whereas the disseninated sulpbS-de ore is Ïargely eonfined to

the footr¡all and hangl-ng wall zones.

"4. hydrothermal replacenent origin has been postuLated for the

deposit' Panagenesis of the sulphide miinerals has been fndícated, as

pyrite, arsenopyrite, chalcop¡rite, cubaníte, galena, and preeious

r¿etars' l"finerarizing sol-utions have been assumed to eome from the

granite but th.e basic íntrusions have aleo been considered as a

possihle souree, Hor.reveru the most recent paper presented by the

núne sÈaff postuJ-etes an origin relatecl to sulphide injectlon

(Koffmann, A"A"u Caírns, R,Bue and Friee, R.L" e Lg6Z)"

Assay sheets fron thi*c properiy give the values fot" Cu, Zn, Áuu
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ând Äg for botÌ: massive and dåesemina'L,ed one fupes. ÂpproximatelSr

2{00 random assa}r values r¿ere utirized in this study. I,Iiison and

Ánderson (yçEg) irave casråed, out a prelimina-rJ* stu.d¡r on the Ê¡¿ _
tu+-'¿n

ratio at this property" cwr"ent3-y, individual ¡letar ratj-oe r,¡ere

ínve'oigated in both the nassive and dfsser¿irratecl oi:e t¡ipes" Statistica1

airalyses r'¡ere also caryied out to determine the rela*r,ion betseen

precÍous rnetal val-ues and the total base metaj. contente and to

deÈermine the relation, if any, between 
=9Ë=* and the precious metal
Cu+Ën

values" Hfstograms of the distributåon of individual assays r-rere also

compiLed"

J'&Ëaå--8atå.o"c

The distribution of the 
-þ ra.tio for the Fj-in Flon roassj.veUu+tn

ore has been deseråbed by ldirson and Åndereon ( L95g). while theLr

study wes íncom'plete, ít was apparent that the nassive ore lrras nainty

eomposed of zj-ne end thai the type of dístribution for the cusEn

ratioe was verr sim:iler sn the 270ot and 3000! Levers. cu:zn ratio
distribution ín the massíve ore Ís binodat (¡'icure 9). ftre peak ís

broad and oecurs on the zine end of the diagrern. The second peak is
sharp and oecurs a'r, the cclpper end- of the diagram" It ¡,las pos.t ulated

that this double peaking indieatecl a greater separation of ehaleo-

pyrÍte and sphaleråte at the FIin F3"on lvitne than in the massíve ore

¿t Geco, or 'ohat the ma.ssive and d"iseemÍnated tryes may be åntermixed

at ihe FlÍn Flon MÍne,

separate statistieal anaryses were carried out for bsth th.e
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rila"FsivË and disseninated ore ty.1:es a'i; the Flin Flen Í'ti-ne"

-ltaslqå":Ee oæ

Fågnre 76' Qu. and Á.g (t¡eieht %) shou a d.efinite relation in tirie
dÍagram' Tlp to Z,Jll" úan the Ag eontent ínerea$es proportionally r+åth

increasíng cv., the relation beíng very elose Èo rineae" Ãbove 2"5%

cu, the slope of the Line deereases abruptly, but direct, proportion-

ality is ma.intained at a much snaller s3.ope"

Iå#g_":2. Zn and Àg (i+eighf f") axe related in a simíLar

nannetr as tu and Ag. Âg increa.ses rapidi}y and proportionally with

increasing Zn up 'i;o about 6% "¡in" Here, the eusire breaks and the slope

of the line d.ee:'eaÊes to alnost zeroe indicating liti:le or no relation

betr"¡een Zn and Ag above 6',1 Z,n"

Ei-eure.28"- The relaiion beh¡een Cu and Au (weight %) is simila.r

to that for cu and Ag (Figuve 7ó). üu and Ar:, increase proportional-t}i

and z"apidíly up 'Lo about 6f" c:u" Àbove 6iq" üau the ïinear relatíon is
æaintained but the slope of the line hes decreased to almost ze'!:aø

FieUgg*?9_, Plotting of Zn versus "A.u (weight f,) yieLded si_milar

resurts to those for zn and ,4g, Ån and ,{u oeeur in dÍrect proportíon

up to about 6/, Zn, Above 6% Zn, the slope of the eru've decreases

rapidly to a negative va.Iue, indieating an indirect relation betueen

Øn and -Auo especiatty above jJrf" Zn,

Fig:¡fe*Ë-Q* "&nalysis of Cu + Zn r¡ersus Àg (vreight ,- ) resuj-ted

a sfraight l-ine wi-th a positive slope. The y-intercept has a vaLue

about O,/oA oz/bon Âg.

3.i.et¡qe*_g¿" The ploiting of Âu versus Cu + ãn (r+eåght %) yíelded

l-n

sf
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a LLnea.r trend wåth a positÍve slope and a ¡r-intercept valu-e of about

O"QL oz/tcn Au. Sonre seatter of points oceurred about th-is trend in

ure ó ta LL% cu + zn rsrrge suggesting a break in the i.ine sueh that

the reration betr+een J.u and tu + zn nã.r be graph:icaLLy represented

by tr+o lÍnear trends (dasheA tines). In this caûee the brealc írr the

relatÍon r+ould oesur at about 6% C,u + ZÈt.

FieUåe .8?= Addítional statistfcal studies r+ere car::ied ou.t with

medien ffi ratio values arrayed against Guu fln, and tu + Øn (rseí grl'u %) "

The trends forL,he three base metal eombinatior¡s are such thåt åg
Au

deereases rapldry from an initiar high value at loç'base rnetai

eontents, reaehes a måninium'waLue 1n the moderate base metal assay

rårigese and inereases slight'lf in the highes' assey re,nge$o The ånåtíal-

high F Ín the low assay rs,nges is probab\y due to very loi,r Au essays
Au

ån the røeakly raíneralized materlal" Àbove the 6$ base meta,L assay

rangee the variation in S t* generalþ snìå.Il and may be due to
Jru

changes in the preeious matal ratio Ín various seetions of the mjneo

- Ao¡'or ÉxaÐptep F måy trarÞ- wÍth depth.
Au

Figpqq-8.:. A.natysis of Au r+ith respeet to *Sq.-- (r^reiøhr, d\
õfã*-zñ \r're¿s*e Þr

suggests that -åu is related to one of the base metalsu cu ey &n" The

resultíng clrrve is paraboLie in form and the maxj-nun f.u value oeeuå'$

when üu. and tn a.re approxi-ruateþ equal ta 3/' and 6i6 respeetívery. Âu

deeneases from this maximurn tor,rard the hígh frn and hígh cu ends of

the diagram.

-Fieuqç -q4,-å The En-cu rei-ation ås characterized by a seatterÍng

of poånts in the lou to moderale tu assay range and by a trend l¡ith
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e. negative sl-ope" -übove 8/" Cu-, the Zi: conten-b of tîle ore shoro,-s a

defåníte decvease" The lou'i4n values aesociated r+fth lovr tu are due to

the íncomplete seTlaration of rnassive and disseminated ore types

drrring ore generation, $eparation of the assay data. inio ore i;'pes

also rnay not be fully relÍable.

Ef.fl¡qe_$5-s A.u ancl iig data (v¡eight /"J vere anaLyzed wåth respeet

to the upper (O*eZOou) levels end the lower (2ZOO-35OOt) Levels of

ttre 'rnine' ïn boi,h caseÉe Á.u anc Á.g are present in direct proportions.

Hovreveru the plot for the Lower levels has a steeper positive slope

indicating sJ-ightly higher grades of gold reLative to silver at

lower levei-s in the nine"

I¿geqe_._86* Flotting of ,4g against Au (i.¡eight %) resulted in a

straíght line l^¡ith a positive slope whleh paosed through the origin.

-å"u and Ag are present ín direet proportions ln the massi?e ore. AE
/.g

in the massive ore equals 0"05,

Ði,"qsgmin_atgd__Ore

FåeUgg.BJ, The graph of Cu versus Au (weight Ø) resulted in a

linear trend r'¡j-th a positive slope and a y*intercept va3-ue of about

CI.005 oø/ton Á.u. Houever, the disùribution of points also suggests

the possibitity of a break ín -bhe trenC at about 3/" Cu" In this

cÊ.see Cu and Au çould be direetly proportional up io 3f" Cu. A'borre

3'l Cu'- lii:earity ls rnaintained, l¡ut, bhe slope of the line has

decreased appreeiabJ"y"

fåCgåe*Êg* A li-nea:: reLation exisis Tret"o¡een Cu and Ag ån the



4.
44

0"
40

a.
36

o,
32

0.
28

o"
 2

/+

f'4 () 4J tl.
 -

-
c)

o.
2

27
O

04
5A

O
 l

ev
el

s

0.
16

0"
 L

2

0"
 0

E

0"
 0

/*

/ 

^*
7'

o 
\o

*z
zc

'l 
}e

ve
ts

C
).

 /
*1

+

0"
40

0,
3ó

o"
32

C
I"

28

o"
?4

0"
 2

0

0.
 1

6

0.
 1

2

0.
0s

F
i,g

ur
o 

65
. 

C
on

:l;
ai

:!g
o¡

: 
of

 ll
g*

rt
u 

::o
la

tia
¡r

s 
(v

t 
É

) 
fn

th
a 

up
p.

:r
i*

 ¿
u:

tl 
1.

o"
,te

r"
 p

.r
l.t

.ic
nr

i 
cf

 t
h.

¿
 F

Iin
 I

'l,
on

 l'i
!.r

'rq
i

f 
or

" 
-i;

ire
 ¡

::l
.s

r¡
i" 

v*
Ê

 o
¡:

e.

g c) +
] tl .o

o 
* 

C
1"

22
00

 le
ve

le

o 
- 

27
00

""
35

00
 lc

ve
l¡:

d

0 
t 

2 
3 

./*
, 

.5
 

6,
 

'7
1.

. 
( 

.,"
. 

.! 
l'.

^i
r,

\
.. 

L 
.r

 
I 

!..
t 

r.
.ì:

.!r
 

/

F
i.g

u:
r'e

 8
6.

 h
g-

..{
u 

re
ln

'L
ir:

ns
 (

ui
 l)

 f
o:

: 
t}

:c
 ä

'i.
J.

r"
r 
ii'

l,l
i ,

-
Ì'i

1:
rç

ol
¡ia

Ë
$i

t'ü
 o

Íe
, 

Ë



" 
û,

1

.û
l

O -r
J

.{ tl O
"0

2

" 
01

.
4

F
lg

ur
e 

87
" 

C
r,

:-
-"

¿
!u

 r
el

a'
b.

ftr
ns

ol
¡c

u 
F

I:l
n 

F
lo

n 
Ì'i

:i.
iro

"

s o .lJ t? o

0"

b, 4

o"
 /þ

0"
2

(v
t 

Í)
(r

.r
t 
/"

) 
in

 th
e 

dÍ
ss

en
in

at
eC

0"
8

0"
 /r

.

0"
2

'r) (:
)

h0

()

F
lg

ur
e 

S
9"

 Z
ir-

Â
g 

re
la

tio
r:

s 
("

'rt
 l)

th
e 

d.
i.s

se
ni

na
tr

:d
 o

re
o 

F
J-

i-n
 l,

'lo
n

l,l
in

e 
"

l.'
0

?,
ä 

(r
¡'t

 Íá
)

fi 3e t{ o

O
B

t^

A
/+

F
lg

r-
u:

e 
B

B
. 

C
u*

Â
g 

re
la

tio
ns

 (
v.

b 
f,j

) 
in

 th
s

df
ss

en
ún

at
cd

 o
re

, 
F

lin
 F

lo
n 

l'!
j-n

o"

'- 
./o

lr C
r"

r

ïig
ir:

*o
 9

0"
 A

"g
.-

.[u
 r

el
a'

¿
i-c

rr
*q

 (
r,

rt
 É

) 
ln

 t]
r+

d.
is

se
,n

:i.
ni

rf
,r

:d
 o

re
, 

F
l:i

-ir
 r

,'-
it'

:r
¡ 

i'i
in

,;o

(r
,r

'c
 S

)

l\g

" 
0/

ç

"0
3

.a
2

cl o .lJ ñ o

( 
c,

s,
,/t

c,
n 

)
F

lg
u:

:u
 9

J"
. 

ffn
'*

,lt
u 

re
lo

.t:
io

ls
(v

t 
ÍÍ)

 i.
n 

th
o 

dj
-s

sa
rr

-in
;:r

t,,
rd

o:
re

o 
F

U
-n

 F
l"o

u 
l'i

.!.
r-

rs
"

H (,



11&.

dfssemlnated ore. The re$¡lting plot ås a straight line r+f&h a

positíve sJ.ope and a y-intereepb of O"2 oø/f"on Ag"

Figme 89, The graph of Ag lrer$rs Zn (weíght Ø) reff¡lted in a

strafght låne wiåh a positive slope and a y-intereepû value of about

0"tç oø/ton Åg"

Figare 90" Ag arrd Aü show a dfrect relationshíp in the diee-

emÍnated ore' ?he slop of the Line is positfve ad psses through

the orlgio, & eqtral-s 0"35 ån the dfssernínated ore and 0,50 Ín the
Ag

¡nassåwe oneu Índiea€fng a lwen Au eonten& vrJ-th nespeet, to "4g in
Èhe diseemÍnated. ore"

Få€ure 91' zn and Au show a direet rel¿tio¡r in thie grap*r" The

slope of the line ls posítive and the y-íntercept ie at about 0"015

oz/ton Au,

Ffggre 92. Anaþsee of cn versus zn (woíght %) Ln tlre diesen-

år¡ated ore ¡rielded a etraight Li.ne wiåh a near øero sJ.o¡æ, The y-lnter-
cep$ ís at about o"Ï8ø zn" This graph suggests that cu anrt zn show

Lf-ttre or no reLaüion to each other" However, in the trø* assay range,

muçh weakþ nineralized coratr¡r rock has been lneluded fn the sanpJ.e

ss that the slope of the lLne may actuall¡r be nore psitlve.
Ffgure 93" fhe relatlon beÈween åå ana the Ag contens of the

Au
disserafnated ore ie such tbat the åå ratio increaseg v¡Íth inereasing

Au
Ag values" The reLatioa Ís rinear with a positive slope and zuggests

thaü in the disseroinated ore, Ag fs enríehed. wfth respect to Au"

Figte 9l+. This diagran illustrates the parttaÏ relation
between Au and _9*= (weíghÈ /") " M the disseninated ore is mainl.yffiffi
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conlposed of oopper with ärinov zine, the butk of the ratåo rraj-ues Lie

iretr¡een 0"8 and 1"0, r+ith onfur about L5",1 of the values oecurr"íng

below 0.s" Therefore, any interpreta'bion made 'betv¡een ratio velues

of 0'ü and 0,8 noulcl be uvrreliable" The foru of ilre cur-re åppears

to be parabolie and is sÍr¡í.ler to the ûu ratio*Åu rerations i4 ihe

f4åssiire ore (I-igtreÖ 83)"

The l'ff-ne

Iåeu.{e- -9_5.," 
The relationshíic between Cu and å.u for aL} ore

types at the mìne ean be represented by a straight rine uithr a

positive slope and a y*åntereept of A"A2 oz/ton .{u" As ;lu and Ag

are direei;3-y related in the massive and dj-ssemina'oed types (Figures

86 anci 90) and in the r,¡hoLe nuine (Figure 98), ,chen ít ean be

assumed ihat Cu and Á.g are also direetþ related in the r,¡hoLo iui-ne,

Ej.eugg_?ó_"- This diagran ill"ustrates the rela'Lionship between

fin and llu for the n-ï-ne. zn and ,4.u are pnesent in direcù proper"i;J-ons

up to about 61f" zn, r+l:.ere the eurve breaks and the srope ciranges to

å øero r¡ali¡e" Äbove L/o/" Zn, the slope of the line ís negative,

indicatíng deereasing :Nu content uith inerea.sing ün" Sinilar

relatioi:s are to be eryeeied between ln and Ag"

I'ieF{gl7_, é.u- and Ag oecur in d.ireci; pro¡rortions as shourn by

the Linear rela'bion bett¡een these ti,¡o me baLs. The LÍne has a posirir"re

slope and passes through tire orígin"

I'å.g]¿ilg -?S* "qnal¡rsis of Cu r"rith respecù 'i;o Zn f ar the nine

resulted ån a sinuoirs curve, espeeiatty up to values sf Lo/" Zn" ¿Lbove

Ltil &no tu ehot"¡s a defånite deerease r+ith inereasin g Zn. The se¿rttering
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of points ån the lor.+er zinc range is possíbly due to the iniernriring

of inassii,e and disser¡inated'i;¡pes" The genera]- trend of poin'is hae

a negative srope indiceting dec:'easing cu l¡it,h inereasing än va.rues"

*t*tqg*9_9-g Tiris figu:"e il-lusirates ihe Íiuctuations in zinc

values r,rith respeet to the grade of copper for assa¡rs fro-r:r ilre 2?00

to 35O0 foot leve1s" The distr'Íbutioir his"bograrus for eaclr range of

copper asss.y is l:inodal", containing one strong peak at j-or.,¡ zine

values and a seeond r"¡eaker peak at a much higher zinc va1ue, espeeiall;'

i"n the lor¿ to rnoderate copper assay ranges. Each eopper range is
douinated 'by a sirong freo,uency dÍs'cr.ibution of lors zinc vaL,ues

which indj-ca'bes one tr"end for the üu-ån relationship sucb. that cu

and'Ån Ëhor+ no associatj-on (red trend.), The position of the second,

r"¡eaker peak varies with t'he grado of copper and indieates another

trend for the Cu*Zn relaiionship (green trend). The posiiion of thís

second peale varåes in valu"e frorn h5-gh zine i"n the Lor.¡ eopper ranges

to Lov¡ øinc in the high copper aÉsåy rångêse indieeting an inrrerse

relationship betr.reen Cu and Zn" The bimodal distribuiion of tn assays

indicetes thab there is eonsiderable m:ixing of ore t¡rpes throughout

the mine and that the sepa"ration of massive from disseninated ore is
incoilplete" Álson the dífferentiation of nassive and disseminat,ed

t¡rpes oi: the assay data sheets may iro'¿ be comptetely reliab3_e" A

similar relation be'bu¡een Cu and Zn is to be erpeeted in other portions

of Èhe üLine.

E_igpg-ee LP_O-- 1Ql"-_and_1-02._ These fígures illustrate ihe rela-bion

l:etween Cu and Zn on the upper levels (O*eeOOt), lor,rer. levels (ZZOO:
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35ûùs), and forbtre com;lle'be mine secbion, üonsicereble varietion
in i,he zÍnc content c¿ln be rioiecl up to Lcr,Å cu at r"¡hich poin L ùhere

is a definite ciecrease in Zn r¡ith increasing Cu" As illusiz,ated in
Figi-rre 99, the nixing of rnassive and dissem-in¿rr,ecl ore t¡.pes ín the

lo',¡er Cu grades aÞpears to be responsible for .bhe obse::vecl fluc.buat,ion

in Zn valuesu ruh,en Cu. is 3-ess than lOÍ.i" Lor"¡ zinc values of ilre dfss*
eminated tirpe are rnore frequent and i;end io maslc the occu-l"rence of any

high zinc values tliat az'e also assocj-a'i;ed r+ith these lor,ror copper gr-
ades" llor.¡ever¡ tlie¡e is an apua:.ent, treirci indicatíng cìecreasing zn

wÍfh ínc:'easing cu in ilrree d-iagrems" The l;rend line r.¡iih ihe larg*
es-f nega-bive slope occtllrs on the lor^rer mine level-s indicating higher
grades of copper o::e in this seetio:r of thå rnine, calculated me,rian

values fo:" coppe:'and zinc are:

l,eyel gg

0-2200¡ L,89S

27O01J5}A1 2,76¡s,

0-3500, ,"r3%

h
L"s5/,

L"7g

L.82/"

Isqlvidse f Äqses! -Ðiq tqiþuüL as

3åg.gåg -l-c-å. Frequeney cìisi;ribui,ion histo graîns of tj:e abunclance s

of individual elements fov the Flin Fl-cn Ì,Íine are illusirated in this
r¿6s1 Eo

fn the nassive ore, copper assays exhibii, a u_nímocjal r"ighi; sker+ed

disi:r'ibu-tÍon v¡ith a broad pea[< ancl a cen'tral tendancy in the o ta Lfr

a$ss'y rangeó Tne dis'tribLrtion for zinc is also basiceilly uniuodal anci
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:.ight.skeued" Seve::al oi,her smaLl peaks occur in the d-is-b::ibut-'ron

poini;ing to the fe.ct tir¿.t the disi::ibution is not too regtr_J_ar" All-

peahs are ger.eraiþ sirarp. The distribution of silyer ís uninod.al

and righi sleewed ancì ín form, generalJ-;r rese.¡,rbles "bnai; of copper-'

as the peai< is rÊ..ther broad" 1'he unirnodal right slcer+ed disiribut-

ion of gold l:as a velry broad peak and a fai:'Ly reguLar disiribution

oveï" tho higher assey re.ngesø

In the dissemi-nai;ed ore, copller assays approach a norioål dis-

trÍbution being onl;r s11*htly righb slcet"red and having a fairS"y sharp

pea[<" The distributions of silve¡' and gold s.re very sin-ilar" In

form they ar"e uniraorlal and right skewed r+ith fairl]t bz"oad. peaks and

in gener"al they resemble the coppe:: distribuiion more closely than

the zine distribuÌ;ion, The zinc distributíon is characterized by a

very sharp peak or central tend,a;:c¡r" The form is unì modal and r.ight

slcevled and the central- tendanc¡' contains over 60% of ihe asËa;,¡ values"

l'iedian me bal values for the various ore i¡pes ealculated fro¡n

tÌrese frequ.ency dis'bributions are as folloius" In the massive ore,

Cu= 2"26'ìl', Zn= 3"6/uiia Ag= I.97 or,/Lon, and, Au= O"CBó oz/ton. In

the dissen-ìnat,ed ore, Cu= 4"32¡"/"e Zn=Ð" C52,3, ¿1g= O"/u./u or,/tanu anð,

-ê.u= 0" A2L oz/ton"

For ihe niine, the copper distribu'bion renained unÍmodaL and

right sker+ed, bu'l, ib can be seen that the peak has beeome broader

and that i,he distribu-tion is clu-i-Le regular. Zinc also renains u:r:

imodal and right sher+ed, but here'i;he sicermess and peakedness fact-

ors have incz'eased. Peaicing is higher and silarper. and the distrib-
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u'¡ions e.b higher'äi: -¡alu.es have becone l-ess erai;i_c, tending to shor",,

.¡erX liible change nith highe-r Zn v¿.lu_es, ?i:e sílver Cistr.ibution

is unirirodal and righ'c shei¿ec1 and has å. veï'.,¡ regu-lar form, resenbl:i-ng

the si-i¡rer disLributÍon in ihe nassive oi:e. The disi:.ibution of gold

contant is again uninodal and right slier,red. ancl Lhe forn sÌror+s ìjrore

regularity than in the nassive ore, In general, individual r¡eial dis-
tributions have tendecl to beco¡le more l:egu.Iar in fo::rr, tinc, sílver,
and gold have greater sker,nress and peaking has Ìrecor¡e üore sirarp"

ì/ery littre change in the cotrller disiz.ibution is apparent,

Frequeney disi;ribi.ibion i;ables usecl the the Fl-in Flon study are

incLuded in the a.plendix,

sl¿pJaa rrs { -3e s_r¿ I ! Ê

/e-qËive Q{s

l. cu and "{g az"e dir.ectry relateci and the ratio cuaÅg is cliff*
erent above and belor,r 2"5i1, Ca (Figure 76).

2" zn and Ag are clirectly relai;ecl up 'to 6fr z'n" Ábove 6/, zn,

the slope of bhe line approaeîres zero inclicating tittte or no retration

beti¡een Zn and ag (Fig'.ire 7T)"

3' cu anri Äu are clirecir¡r reta.terl up to 61, cu" Âbo.,re 6fi c,u, Ãu

shor.¡s no ap.tlarent ::ela.tion to Cu (Figure ?t),
/," zn and au- shor.,r a direcb 'eiai-ion up to 6ii zn" Ábove 6,* zn,

Au ';eitds t,o decrease r¿iih increasing Zn (Figure ?g),

5. c¡,. + zn and "ag are present in direc b prolrortions (¡'igrire B0),

ó" Cu + Zn and. Jtru siror.+ an a.pparent linear tæeqd i.nclieating direet
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þropartionaïir3y" Houever, the seatter of points may also suggest that

ilre ratio of Úu + Zn t'a Au ci'ranges a+" 6/" üu + Zn and tirat tu'o Lineanm

aï"e prese:rt (Figu¿,e Si-),

?" The ratj-o F uu reasonarrly eonsta.nt for a.lr varues of cuu
Au

zn, and tu + En. The major varíation oecurs in the lor,¿ base metal-

assay ranges r,¡here low Au assays raay be ciu-e to i+eakty ntneralized

materj-al (riguge B2)"

8" .Au ís at a maxiinuu rahen Cu g:rd *n are approximately j,4 ærd

6f" respectively (nígure 83).

9" Cu and Zn are incllrectþ proporiiona.!- (Figure 64)"

LCI, Ag and .{u resur Ín díreet proporti.ons. The Åu conten.i; of

the massive or"e inc:'eases with depth with respect to Ag" ff au*ru***u

with depth (Figures 85 and 86),

Ðiçecg¿ealeLoæ

i-1. ag and llu shov¡ a direct relationship to cu (Figures 8z and

8s).

12, Ag and Au sholn¡ an apparent dÍreet relai:ion to En (Figures

89 and 9l) "

L3, þ"g and Äu are direeiJ-y relatea (pigure 90),

l1u. tu siror,¡s little or no reLation ic Zn as the sloi:e of the

line is almost ze::o (Figure 92) "

Ao .15" F increases proportíonatly r+íth increasing *g (n:.gure 93).A11

L6' The reiationsh:ip betr'¡een $,u and = 
Jg-=- is siuj.rar in formCu+ün

1,s the 
=+k= -Au reration in the massise Õrep a¡d. does not j-ndieateuu "þ zn



a bÊ.se mets.j-*,rrrcious metal affiliation (lígure 9/r)"

L¿-æ*!åei¿:tbsL&e

L7. Cu- is di:ectly proportionaL to Àu and I'g (Fígures 95 and

g7) ,

18, é,g and "Au are dir"ectly reJ"a1:ed to Zn up ta 6% Zn" I+bove 6lÁ

ffnp Ag and Au generalþ decrease l+ith Ínereasing Zn" Ãn and the

precious metals are not direct}y reLated for aIl" zine values

(Fígures 96 and 9?) "

19" Jlg and Au are directly rei-atea (Figrlre 97),

20, Analyses of the tu-ün relation suggests indirect proportion*

aJ"ity (Figures g8u 1"00, I0te and I02).

2L" Iubesive and disseminated ore types are incoinptetely

separated (rfcræe 99),

22" The distribution histograms of the índivíduai- elements

generally have similar forns and do not indieate any specifie elemont

assoeiaiions at the Flin Flon Mine (nigure t03) 
"

Discu.ssion of Distribu'bÍons at the Ti-iree l,fines

;" .t t- -rrn:tlion Lake 
-*:Çå-*0u+Fb+Zn

ratio i.¡ith those of the FlÍn Flon, Geoo, and Canadian base metal"

deposits (tr'igr-rre 9) inAieates that the Vermilion distributlon

corresponds r"¡ith the üus fin retios of these o'bher orebodies, The form

of the Vernilion distribution shov¡s grea-Ler eorrespondence to ihe

Geco orebod¡' ç1tr¡ íts tr^¡o sha1*p peaks. Two ore types oßcur arl Geeo;
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aassi-ve and dÍs$êr¡inatede whicLr contaÍn high zinc and high cCIpper

respeetively" The sharpness and arnour.t of seiraration of the t¡,¡o

peaks indiea'r,es a hígh degree of separation of the eopper and zine

in these two ore types, The existence of tvo peaks at the ifermilion

Lalce property must also indíeaLe a similar separatíon of this ore*

body into a Pb*Zn rieh portion and a tu rieh portion. Ilowerrer: at

the Verrnilion Ìtine, the pea.ks are veyy sharp and of tiruited pereen'c,,

High copper and high zinc ores r¡ake up onþ about SAf" of the orebody

and the rema.ining 50ñ j-s composed of ore in r.¡hieh Cu ar:d Pb:tn are

uniform-i.l-y disiríbuted and of lor,r ratio \¡alue, The dtstribution of

the Su; Un ratio in the massåve ore at the Flin l¡i-on i¡ine ås bimodal

indiceiing the existenee of hígh zinc and high eopper ctre secij-ons"

The presenee of the two nodes in the r¿assíve oye ís possiÌ:ly due to

an íncor;plete separation of masslve and ciåsse¡ninated ore types

(tliLson and. "{nd.erson, L959}. Such differences in compositåon in

these orebocies may be due to a greater rutgr"aiion uf eopper to

margÍnal zones or to two pulses of ore-fcnn:Í-ng fluid,

ïers+ Lisåi*leke-i&æ

Di-stri'ution of the =_=*-þ__Þ- _*_ __*#F..-..-__- =**.-ëL__-:_^---- tu + PL, + Zne Cu + Pb + Zn, tu + pb + Zne

and ã#*;:g raiíos et the Ver¡nilion I'fine suggest that gold, sil-ver,

and lead are in general, u¡iformily dis'i:ributed in aII parts of the

orebody (Irigur"es lCr to l8 inclusive). Gold is always subordinete to

silver and lead is ali,rays assocåated !fü.th zins and j-s subordinaie
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to tlre combined copper*zìnc values. topper e.nd zír'e, on the other

hande have bÍnod.ai- d.ístributions indicaì;íng tr,¡o differeirt types erf

Õccurïenee íu thal uoneË eyåst r,¡hich are rieh in Lead and. zine and

low in eÕpper, and zones rich in copper and lor+ in l"ead a¡rd zine ,

These zonrs mugt eoyrespond *uo the rnassive and dissemina'ced ore

t¡oes of the Flin FLon and Geco cleposits"

üorryarison of rnetal ratios by J-eveï in the major I'lo. d ore

zone indieetes very líttle change Ìrr ratio value r,ri.th deptfi (F¿gures

1I to t8 inclusive)" irlo factor has greati.y ånflueneed tlte metal

ra'oios ín a vertical fíelcl., Copper ratios do shoi+ a slÍght inerease

r,ith. depth in the high copper seetions (Figure tI). Fïûrsever, the

ainou"nt of ehange is relatively small. Pbe 3n, and -&u ratios shoi.r a

slÍght decrease with depth. These variations in ratío m¿ìy be due to

the rnigration of eopper to the base or margins of the ore zone, The

corleentration of eopper values around the margins of the or"e zone

suggests a raigration of copper alray from a high temperature center"

As many of the Vermilion Ïe,ke ore zones have been cut by post-ruineral-

ization faults, cors'elation between fault si-ices has not been

completed so that ore zones that, are now adjacent may have been

separaied by eonsiderable distance before fauiting. Figu::e l8

surnmarizes the meie.l ratio variations r.''ith depth and i+" e¿rn be Ëeen

that tlre magn{'tu.Ce of the variaiions is very smal"l. Lead, zinc, anð.

gaid ratíos shor'i parallel- slecreases r+hereas the copper ratio shor+s a

srnall increase with depth" The magnitllde of the changes are no-b

greai enough lo be detec'ced Ìr¡" any gfacle changes r+íth depih"
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Fígures 19 to 27 anð. 3L ta 54 inelu.sir¡e sho'i¿ lhat, a straíght

i-ine relatåon exi-sts betr.*'een Cu, Pb, &n, Âu, anct Ag Ín all poriions

of the mine, lhe occuffrenee of these ei-emen"L,s ín corrstant proportíons

poínts 'r,o a single peråcd of ore deposltíon" the sn:all- varíatir:ns in

ratios r+hieh do oeeur are no douht releted to r¿inor varíatÍons in

temperaturee pl'essure, and ehenicai. conditions at each deposition

site and to the parbiaJ- migratiorr of eopper to the margins of the

orebodies"

Figureo 26e /+2e /v3s anð. fir, sholring the relation betr,¡eem tu and

Zn in tb.e ITos. & and 6 one zoneß and for tlle inineu indíeate that the

tucZn eelationohip u:ad-ergoes very minor elramges ¡¡yç¡-ghout the mine

even thou.gh copper has moved to marginal areas" The seati,er of points

in the Lot+ Zn assâff range may be due to the incompleie separation of

Cu rieh and Pb-En rieh ores" E:rarninatiorr of t,he assay date, pheets

shor¡s that, zones of high grade copper appear to be rare and scatterecl.

Figure 5/+ ill"ustra.tes the variatic¡n in gold values with changing

zínc grade" The amoust of deviation from a eentral- tendanc¡- (median

valu-e) in gold decreases r¿ith increasi-ng zinc conten't,, i-eading to

closer correlati-on at higher zinc valueË, Similar distríbutions

must be e>+reeted for gold. relative to copper and lead es aII these

metaLs are eloseJ-y assoeiated in tkis deposit"

Ânalyses of the relation between iron and the base metals Gu

ø:nd Zn (trigures 28, 29e and 30) inAicate that iron is onIS' pariiai-ly

reJ-ated to these ore me'i,als, being Linear" up to L6^L9f' Fe" Às the

exaet soilrees of 'ühe iron are noi hnovm, it is assurned tharl iron
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from sulphídes and fronr iron siiisates is present" ThÍs analogous

distriliution of åron inoicat,es that sone of 'the iron 'ç.¡as d.eposíted

t¡ith the one ninerals a.s shor,¡n by the parbial linearity" The ehange

from a díreet' prcportír:n re]"ation may l:e clue to a d.eficieney of Fe

in the ore fruid or to eraplacement by an Fe rieh ftuid Ín the pre-

ore peri-c'd, The dirrergence of the iron relationship may also be due

to the associetinn of a large part of the iron r.ríth high íron

silicales of early nagmatie orig"in"

Frec¿irency distribution histogråms sholaing tÌre abu¡dances of the

individual elements (rigure 55) fail"ed to aic" in determining the

origin or an und.erstanding of the metal associatior-¿s in thís deposít.

From these histograms, ít ean be seen that the varieti<¡n in abund*

ances of Üu, Pb, zn, Au, and .A.g are regular and of the sa¡re forn. Fe u

on the other hand, possesses a bimodal distríbu'bion, suggesting a

different form of oecu:'reneen possibry resurtíng f:.onr two pulses

of ore flu.id"

ïnvestÍgations eemied oul, to deternine a specific base ¡aetar

assoeiation for the precir:us metals at the I/ermilíon Lake i,fi.ne failecl

to show that such an affii-lation exists as aIl" of the econoniic ruetals

were found i;o be closely associated" Ðireet proporiionalåty exlsts

betl¡een cu, Pb, xn, Äu, and Ag. The exaet nanner of the association

is not knor'm but ineorporation in the base ne'baL suJ-phíde structures

or in solid solution r+íth Cu or än are possiT:le" Detailed rnicroscopic

and analyt'ical studies of the ore ninerals may offer a sorution to

the problen. ihat the preciouÉ metals are unifornily distributed. is
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shor,.'iíi l,]' the prescnce of anpreeiable precious rnetal values in botLr

'i:he eopper rich anci the zine ricit zones"

Statistieal studies at the Vermilion iuline shor^¡ tliat rcetal

rafios va.:"y little r.¡ith depth, cre rye.des also eppea.T bo be reason-

ably eonstant throughout the mine and the metaJ-s, Cu, pb, Zn, Åu,

and Agu oceurin eonstant proportions, copper does shor¿ soms rui.nor

rrariation i.dth depth but the metal re-iio studies inclieate that there

lras been a separation of tu and zn into cu rieh and zn rich. zones,

so that small differenees ån ratios are to be eryected. l,fi-nor vari-
aticns in metal distributions in the di-fferent zone$ aåe no dou-bt

due to temperaturee pressures pHc and Eo factors in the deposåtion

síte" That the ore metals ere pr"esent in sueh eonstant proportíons

suggests 'i:hat the metars r+ere deposited simu-ltaneously or under

relativeJ-y constant pressure and iemperaturo conditione"

Çe"çs--E¿æ

In the massive ore, the distrìbutions of inciivídual metal

ratios (Figures 56 io 6{ inclusive) shoi,r that Cu and }-g occur in
direct proportions r.¡herea.s fln and .Ag are present in inclírect

proporrlions" The relation betr,¡een Ag and cu + zn is exponential. cu

and Zn are also present in in.¡erse proportions"

rr: the d.isserninated ore, tu and xn shor,¡ rittre or no rej-ation

to one another. Ag and zn do not appear to be reLeiecl" The apparent

relation betrieen Ag and Ín in the lower grades may be due to r+eak

surphide mineralizabion or to dominant r¡¡irerated iron suLpi:-i,de
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rnineraliza'L,i on lowering ',rotl:. Âg and Zn assalrsø Cu and Ag appear to

be direc'¿ly related, Analyses of ûu" + Zn r'iíth respect to Ag índicates

that Á.g is related to Cu * Zttu but as zins is subordir:ate to eopper

in the disse¡dnated ore, the loi,¡ zinc values have an insignifieant

effect on the C,u + Zn vaj-ues (figures 65 to ?i inclusive)"

For the nine as a whole, copper and silver show a definite

affiliation in that they are alurays present in a eonstant ratio. The

relation beir,¡een zi.ne and siiver ås such that the;r exhibit a direet

s"eJ.ationship up ta 2"5/" fln ancl tittle or no relatíonship above 2"5Í,j

tn" Th:is a;oparent relation j-n Lower grades n:ay be si'æry due to

s"paree sulph:lde mineralrzation as in the dase for the disseminated

ore. Sirailaríi-y, the parbial- dårect rel.ationship betr^reen tu and Zn

in the lower grades ruay also result from r+eak sulpLide nineralizaiion,

In the higher grades, üu and Zn shor.r an inverse relaticn (Figures 72

.\i,o'14 r-nel-usIve/.

Frequeney distributions of the índirriilual elennent abui:danees

(figure 75) in¿icate that ali- metats present have very sir¿ilar

distributíons '¡hen al-l mine assays ere evaluated. The distributions

are unimodal and strongly right sker+ed. fn the nassive ore, eopper

and silver shor"' sim:ilar tenda.ncies r+Lrereas zinc approaches a normal

distrilrution r.¡ith a very broa.d peak" Copper is subordinate 'ca ziinc

and zine values are eveni.y distributecl r'rithin the massive ore" ïn

the dissendnated ore, Cu, Zn, and Ag all have the sarne tlpe of

distríbution being u-nimoda.L a.nd sirongty right sker.reC, such ihat

one woui-d suspect sir¡ílas metal associations" l¡lhether such lr-istogranrs
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eontríbute infornation rege.i'dÍng metal associatio:rs and origiils 1s

questioirablo, bui metai-s i+ith different clistributic¡ns do shou

different metal associations"

SÍIver is defínitely assocíated urith eoppec.at the Geco Mirie.

The exact nature of the affål-iation is not presently ie-ncr.m"

Statistie¿il studies of ihe netal distributie¡ns at the Geec)

l.l1ne suggest, that the metals r¡ere deposÍted eontemperaneousþ as

the relations betr,¡een the metaLs are not randsrn" $"'L the deposiiion

síte, copper and silver har¡e migr.ated to the ua:.gíns r¿hile zine

solidified in th.e central portions" This is indieated by the inverse

relatåon betr.reen cu and zn anð" by the ei-s'bence of tr.¡o peaks fn the

0ueãn ratio diagcan (I'igure 9)" sitvervalues in the massive ore are

assoeiated r.ríth eopper that vas trapped r¿ith the solidifying zinc.

Consecuently, in the massíT¡e ore, Low values of zinc &re associated

r.iith iaod.erate grades of eopper, As sil'¡er is affitíated i+ith eoppere

the Zn-Ag relation should be such that v¡ith low zinc values (high

copper values), silver should 'tre at i'r,s irighest" Similerily, the

relation betr.¡een Ag and Gu + Zn in the massive ore r.¡ili- be expon*

entÍeï" Á.g is low r¡ith lor,¡ tu + än valu-es, a:rd. r,¡ii;h increasi.ng base

metal coni;ent, both Cu and Én increase and Ag increases proportion*

ally umtil Zn beco¡ies tho domii:ant met:al r.¡here the Ag begins to

decrease.

fn the high eopper-l-or,¡ zinc dissenr-i-nated oree eûpper and sÍl-ver

rernain directly proportional. As uins is subordina:fe io eopper and

shot¡s no rela.tion to coppere the Cu + Z"n-Åg relation shor,rld. be linear,
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L*w zine values in the disse¡nínated ore åppear to be rel"ated to r"¡eak-

ly minere.lized conntry reck, &n anð. Ag are inversely related as the

metals tu an<i Zn sl'or,¡ ltitle or no eelati-c¡n to ea.ch otlr,er"

Iåin -LlPn- "i{rÌ=æ

In the massive ore, Cu and tho preeíous me'üals (Àu and frg) do

shot¡ a relatj.on in vfrich increasing Cu results in increasång preeious

metal oorr¿r,ÊDt but each cLrrve (figures 76 and 78) exhibits tr,¡o diff*
erent rates of increase" The Cu-"åg graph brea.ks at, 2,5,% Cu and the

tu-/tu graph breaks at 6i,l}u" The double peak of the tuaZn c"e.tio dist-

ributíon at the Flin Flon Ì.ti-ne (Figure 9) *ay mean &, greater separs.-

tion of chaleopy:'ite and sphaJ-erite than in 'Lhe Geeo massive ore, op

the rnassive and disseminated types at Ftin FLon may intermix (i,¡ilson

and Anderoon, L959). This interririxing of ore types is more prominent

ín the low 'Lo moderate grade renges of Cu aRd Bn, Jrs the massive ore

sontains hígher Au and Âg values tha:: the disseminated, ii; i-s

suggested that Au and Ag have ai-eo undergone differentiation in the

deposition site. ff the preeious metals have entered the deposit as

ions or atoms sLrbstituted into the chalcopyrÍte strueture at hÍgh

ten'rperatures, such foreign elenents v¡ilå be elçelled froru the

structure at Lower ternperatures if ín exeess of the solubil.ity lifiút,

As eopper üoves to a inore suitable enerry level at a lor+er tenporature

æ preËËuree gold and sllver may be foreed oirt of the sulphide struet*

ure to aggregate into dísereet particles, 'r,he bul-k of r.¡L¡ich remain

assoeiated i"riih the zine ríeh roassíve sulplelde ore. Some of the
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preeiolrs 'netals s}:ould ratgrate r,¡ith i;he copperrninerals, but the

amoun"b of Au and -åg will be red.uced." If the preeíous netals are in

soi-id solution r+åth eoppere å sim:llar disirribution should result,

Thus, the precious meial eontent has been en-richeC, in tho lor..r eopper

rangeË due to the associated high zi-nc portions of the ore" Ás Cu arcl

ãn har,'e undergone some separation (Figr,rres 9 and B{}, considerable

raa"ssivo zine will be associated v¡íth lor*r copper ore lrhieh should

aeeount for the bulk of the preeious netais assocåated" vrith the

massive or"e. AIso, smai-l amounts of precíous inetalg ruay be assoei-ated

wj.t"h zj-ne suekr that the h:igh zirrc ore essocíateC i+Í'bh lo'".¡ eopper

signifiea^ntly alters t,he rate of increase of the base metal*preeior-rs

netal retation or alters the eontent of preeious ruetai"s in ttre Lor.¡

oopper assât rangee AII preeíous rnete.i. values assoeiated r+ith zine

appea.r to be due to eopper r¡h-i-ch rema-ins ¡,¡ii;h zinc &s a result of the

m:txing of nassive and disseminated ore types" I{or.tever, smai-l amou:rts

of Au and Ag may be assoeÍated r,yith zine, suggestíng that Au end Á,g

r"'ere llrnited in amount in the ore ftruid, The bulk of the preeious

mei;els have been incorirorated in the copper roånorals io the linr.it:

sf -thelr solubilitiesu leaving a smãll amount of "{u- a.r:d Âg available

in the fluid for incorporation in the zine sulphide struetures,

Zine and the precioue metels ar€ related Ín a einilar nanner

to tu and t'he preeious metals. Up to 6,% &n, Au and /,g increase prû-

portionall;" i;o zínc, the retatj"on havlng a steep slope (Figures ??

anð, 79 ) " Above 6,4 Zn, the preeious netal-*zinr rel"ationship becoruee

very smai.Ïu and j-n tLre case of Alle shoi+s an ínverËe rela.'oion, The
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re$ulting éÍst¡'ibutions are again related ts the tu-zn rei-aLåc¡n in

the massise rreo ûn the baeis of the aËsay data, consj-derable intee*

mixing of ore t¡pes i,s presei:t in the noclerate grade ranges anC bo'oh

high and lov¡ zine values a^:"e affili.ated v¡íth i-oi+ eo-piler" Figure 8d

indieates that 8n inereases r+lih eopper up to about /nf" övu so that

Äu and Ag, rihicÌ1 ê,ppeär to be elosei;¡ to eoppere Êhor+ parallet

inereases, Howevere as the general trend ie for ün to deerease with

increasíng üu.¡ the Áu e.nd .{g begiu to shor.¡ litt}e or no rei_ation to

än in the hl"gher En grades. Sinreli- anounts of precÍ-ous inetal a.ssrc*

iateo l¿lth Zn also eorq:ound the earl;" inereaËe Ín Au and Ag. The

precious metal relatic¡n uj"th Zn is cloeely rel-ated to the precious

metal.-e opper' ë.s soc iati on"

Direet proportiona.lity generaT-þ exists l:etrseen Cu + Xn and

the preeious metals (¡'igures BO and 8I), fnis proporbíonalåty

sugges-bs a diroet relation betr.reen these metai-s in the oríginal

aagraa or ore fl',rid and Ín the residual l5"o¡:id" The apparont Trroak

in the Cu + Zn*Au eurve (nigure Bf) rcay be the resul-u of mirång of

massive and disserninaied assað/ data"

The reLatioir be'bue"" ff and the var.íous Ìrase me'bals in the r¿a$s*

åve ore showg reasonable eonsNaney over all base metal gpade ranges.

Ti:e anparent increase in ff vith respect, to higher tu and ãn grades
Au

(nigr:re S2) lndicates a relative ehange in Ag eontent r^rith respec'b

to Au" The large varia'bioir in 'Lhe Low Gu a:rd Zn €.ssalr rangeß eould

be due to an ånctrmplete separation of ore t¡rpes dwing ore genera.tion

or to i-ow :lu assays assrleiaied çri'lh r,leakly niireralized ma'beråal,
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C* + ''tn
t;he resuli of 'r,he in¡ermixing of rna"ssive and dissemina-i:eci ore t;roes"

Dne to this nixing, ì;his grann fails to indic¿¡.-be an;'r speciÍ'ic prec*

iorrg ne'ba.l- associat,ion" Tire maxinum J"u value occitrs aL A"35 -*Qtl___"Cu+7n
As the break in the ûu-prec:ious r¡etal rela'Lion (figure 76 and ?8)

occurs ai; ai:ou'r, /r"2% Cv and tìre b::ealc in the Zn*precious met¿l ::elatioir

(Figure 77 anð,79i is a'b about 6fi Zn, subs'bitution of 1,"2",1" Cu anð, 6.O/,

. ô."Zn inio ,--'9q*- results in a rralue of 0"35.
Cu+Ín

The distril:u-Lion of points in irigure B{ indica-ues consÍderable

mixing of ore furnes up to about (,fl C'tt" In generale assa;r values of

Zn increase slor..¡l), r¡ith tu- up 'Lo 6/, Cu, allo.¡e r.rhich Ën deer"eases rap*

idly wlih ine::easing Gu" The general tr.end indicaies an inver.se rel:

aiion be'br^reen Cu anC Zn luhj-ch suggests separaLiorr of these metals ín

i;he depositioir site,

ïn the rnassj-ve ore Au and ,tg occur i-n a constani proporiion

(Figure 85 and B6)" The slol:e of Au*,{g rela'bion is larger. for the

loruer" levels (Flgure 85) in¿:"cating an increase in ¡!u content r¿ith

resl:ecì: to ,{g such tirat k d*"r"ases r¡iih dep oh, This cirange in þÀu-Au
suggests tirat'bhere has been some differentiabion of Ág with respect

to gold. In a later di-scussion, it r"'iIL be shor,rn 'bhat the Cu content

of the ore is greater at <Í.epth, so i,ira-b this inc::ease in Au rnust be

associated t¡ith tnis increase in Cu, AIso, at deptli, less separaticln

of oz"e 'i;ypes nay be the go-rerning faclor"

In the dissenina'Led oreu eoppeï pr.edoni.nates over zinc and the

zinc con l,ent of ihe ore is generall; vu* toto, The relation betl"reen
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cu ancl zn (Figure 92) is sucir ihai; the srcpe of the line has onl;,

a verï¡ srnall pos:liirre va]-u.e, ind-icabÍng litite ûr no i.elatirn be-

ir'¡een cu, anc zn, Di::ect i:roportiona.lÍ-ty exi s'bs betr,¡een Au anci ag

and base ue'r,als tu and Zn (Figu"res 8'7 sï1egL)e and 9li inAica.bing a

proportional relai;ion betr¿eon üu and Zn, äot,¡eveïs the point scatter

about, the cu*pi'ecious mei;al linears is mucir rass than for tire zn*

precíous metal li-near, indics-'r,ing a cl-oser" associa'bion of precio¿s

ne'f:al to cu, ïn general, the un conient mainiains a veïy lor,¡ leve]-s

so 'uhai higher zn varues associaied witir hi_gher" p::ecious metal va1-

ues must be rela Led to nassive sulphide interiaixecl in ihe dissemin-

ated zones. Zn e.ssa;is of +L,',t, nusi be relaied to transition and mass-

j-ve oi.e, Cu and the preciou"s metals aj:e nore closel;r ¿""o"ia'bed; the

apparent zn association resulting fron the interrql'_xing of ore t¡4res,

I'igure 90 siror+s that .{g and ;iu az'e direetl;r related in the

dissemina'bed ore" & values in the nassive and disseininabecl ore
Au.

are aboui 22"0 and. ll.0 respec'bi-ve1;', índicating a decr"oase in Au

r+ith respeet to rlg in the dissemine.tecl ore, variation of 4g r,¡ith
Au

respect to Ag (figure 91) in¿icates an increase in ra'Lio r,¡ith increas*

ing Âg, again pointing to a dec::ease in Au lvi'bh respeet to -A.g in low-

er grade dissenina'bed o::e, so that sorne clifferentj-ation has talcen

place be'buoen these tv¡o rnetals" During eooring of the ore body, sone

-'tu and Ag may be removecl fr"o¡r sul'chide struetures so iha-b the a,aount

of preeious neial assoeiatecl or eombined r.¡ith ni-inerals in Lhe di ssen*

inabed o;:e r,ríll be somer.¡l:.a'b less ùiran in the originaL ore f1uåd.

The relabion beil¡een Àu and. 
=-*Ç_il__- in ihe dissemiirated oreCu+Zn



failed i;o indicabe an;.' specific preciou"s

this cu-rve is very sinilar to -Lhai for Au

/n. a^\ore \Ilguj:e öJJø
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meial assÕciabion" Iir forn

* 
----Ç!a 

,- in ',,he massive
Cu -t Zn

Conbination of massilre and disseninated asss.J¡ da'i,a, r+hich

shoi-:.Id indieate the mi-ne'Lr"ends, indicates tha'L üu and "{u occur in

direct proportio¡s (fig',lre 95)" Äs the mi:ae relation bebr,¡een Au

and Äg is also linea.r (Figure 97), it is sugges'ted i;ha'b Cu ancl Ag

are also directly relaied" Sigure 96 siror¡s tha b 3n and Au are only

pariiatJ-y related, being linear up to 6it iln" .Again, es Au. ancl ,{g

cccur in Cirect, proportions, the Zn and -{g r.ril-I exfiibiù onl;' pari;ial

iinear"ity" Up to 6i4 ün, Au increases ;orolloriionally i"riih the Zn"

I,fii;h incree.sing Zn values, the sl-ope of 'uhe line ehanges, becoming

negatir¡e a-u aboub L5/, Zn indicaiing an inverse relaiisn betr¡een Zn

ancl "A.u (and Ag)" It i-s su-gges'Led j:hatthe preeious metals are pre*

ferentiall)t associatecl r.¡itn copper in this deposit"

Figure 99 sìlor,¡s 'Lha'b i;he separalion of massive and disisendn*

ated ore t;rÐss r.ras onl;r pariial as 'Lhei"e is consiclerable niixing of

ore iypes, especiaj-i-;* in the lor¡ GoÞirer gz'ade range" i'{or¡here Ís

the seÞaration cornplete as aLL ore sanples contain sorne Cu or Zn.

Figures 98 -uo 102 ínclusíve, il-lustrate a general relaiion be'i;r+een

Cu and ln sucir'cha'b r+ith increasing Cus the En content of the ore

decreaseÉ" It is sugges'bed that thís poinis 't,o the simuiianeous

deposition of the ore minei"als anci tha'l ihe par"tial separ"a-l,i on of

tu and Zn oceurreC in the site of deposition"

Individual elernent a.bundances are illustra'bed in Figure I02"
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rn the nassir¡s 6¡s, his.Lograrus indÍc¿rte tha¡ copi)er and zinc have

sinilar dist::ibui;ions buL the zinc disiT.ibution has a broader: e rûole

genile pealr, borde:"ing oir mi¡r'bi-nodal, Gord and silver hav,.: very

similar d.is'¡"ribu'Lions, 'i;he for,ns of vlhich aore closely rese.rnble that

of copper..

In ihe dissenúnabed. ore, it ean be seen that copirer is the dom-

inant me'bal, and its d-is'iribi.llion veri' closely aporoacì:es a normal

curve" The i.is'bribu'i;icns of gold a.nd silver also sho¡..¡ an approach

to a normal disiribuì;ion curve, r¡irica again i-s soi:ler+hat simila¡ io
tha-b for copper'. Zinc ha.s becone s b:.ongly right slcer+ed"

For Lhe nine -in generalu 'uhe coptre:: rjis'b::ibutirrn is rigÌr'b ske¡/*

erì iqi"i:'i: a broad genì,le peak" Gold and sirver also have this sarne

cu-rve form as coppei:ê Tire zinc dis'i;ribution is s'Lrongl;r righ't sker.¡ed

and exhibiis a very sharp peak inclr'eating a preCoinin&nce of lor¿ assay

values"

lìhe signifÍcance of 'Lhe hisiograms of -bhe abondanee of the

elenents is cloub'i;ful, but if i;he forril of the cu::ve has a:ry signifie-
aneee ti:en Íi is apparen'i;1,hal; ()uo Au, and J,g are closel¡r affiliated
because of ¡he similarities in their. distributions"

cpgess¿p-"q;Lq-i*P,+ergiÞu,li'qpe-gp.-!þelþree_rfiqEç

At the ìIer'.¡nilion Ïe.ke i"line, very little va,riation in distrib*
u-tion was noied i'¡ith the excepti-on of Fe" cur, pb, zn, Au, and Ag are

presen'l in eot:stani pL:opor'uions in all paris of the nine, Some se-pa¡-*

a-bion of cu and Pb-zn has occu.,:rerl, bui in general, the amount of

separai;ion is mino:: eonsidering a.II ore types, separate ana.lyses of
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Cu rich and Pb-Zn ricìr l:oz.tions rnaS' siroi¡ r¡oCific¿rtio:rs of i,he ïne-bs_l

ratio cÌisNr"i-l:uiioir patterns.

Sílve:' is ah,ia¡rs directly propor.,,ional to colroer at .bhe Geco

j"ilne ancl is ge;rerali;' 1tu-"rsery p:coportional to zinc" coppez. ratío

dist,r'ibutÍons indicate a higir degr.ee of sepe.raiion of nassive anrl

dissemina'bed ore þpes" As bhe distribuì,ions are not ::andonr, deÍinite

::elations exist be-br.reeir ',,he economic metals present"

fiimilaríiy, a.-c the Flin Flon i4ine, ,che p::ecioi;s metals, golcl

ancl silver appear to ire prefe::e::-bia11;r associated r,¡ith coppers

For all ore iypes, ,4.e and Au are clireeil¡r proportio-rgl to Cu over the

fuLL rang;e of Cu values t¿hrereas Au and Ag sl:or.l only a partì-a]- relaiion

to Zn" Co1:pe:: raiio distr.ibuì:ion indicates onl¡r a pariial separation

of r¡assi-ve and disseminai,ed ore iypes, A pa.rilal separatioir of ore

types is aiso indicated by l,he cu*:In rela'bionsrrip. Furbhez., as the

distr"ibutions are no'b randoi'n, definite relatj-ons r¡usi exist between

all me-bals pi'esent.

Tllg pri e_s*gi Ore* Senesi €

rn tire fcrllor,ríng and subsequenb pages, mueh of ihe discussion

uill deal uith the possible reasons for the ule'ta.I z"a'cios and assoe-

iations obse::ved" If t,he ore rninerals do shor,¡ reasonabl;, cons-bant

relaiions 'bo one another, "bhen r+hat possible processes r,¡ere resÐoils-

ibIe.,?

Foi^ *uhe netallic elemen'bs io occur in reaso:rabl;r sg¡si,ant prop-

ortions, iire;r, in genez'ar, nr-t-s'b have been int::od.uced a.nd deposiied

aù -fhe sa.me tÍme. Therefore, one rreri¡ ¡çood. cau.se fo:: si¡.ch metallic
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relations i-s the injectíon of the ore fluid. as a sÍngle injeeÈion.

J,E" Spnrr (LT23) was a strong pn^oponent of zueh ore magnas, and he

believed that there was no eharp line between t,he nagma solutlone

depositing igneous rocks and ühose depositÍng ore minerals. tre magmas

are hÍghly eoncentrated flulds v¡hich have been injected ao plastÍc zul-

phides to form ore deposits. Intn¡sions of thÍe typ should result ín

constant metal ratios if al-t the metals were intrdueed simrltar¡eously"

Opposed to this theory of genesis is one involving transporüion

of the ore minerals ín gaseons or llquid solutÍons ard depositlon

fron these solutions at different ti¡oes. Depsition ln such a tj¡ne

sequence shsuLd not result Ln constant netal rat,íos, exeepb under

speeÍal circurnstencese zuch as constant temprature and pressure

conditions.

A,s preriously noted, the factors affecting the dístribr¡È1on of

metals fron a dífferentÍating basle magtsa generalþ fal-l in8o two

groups:

1. those effectfve ln partitien'lng the metals between sflicate and

sulphide liquido, such as the coneentratLon of sulphur and the rel-
attrve ehaleophÍ}e eharacter of the elements and,

2, those whicl¡ oporate espeeía}þ duríng crystalliøatlon of the

zulphÍde fraetÍon such as;

a) durÍng cryshllizatåon r¡nder non-equÍJ.åbrir¡¡n condítíons,

early formed minerals faÍl t'o react with the residuar l1quid. This

reeidual Hquid changes in conpoeitíon, beeomíng i-mpoverished in
early erystalJízing cmpounds arìd enri.ched in the laÈer crystal-lizing
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The mechanism of the rnigz"ation of lhe differen'b cheri:-j car

species * i-ons, arions, nolecu-les * is highi; cleba.Labre. The process

ís very colçLex and pro?:ably involves diíifusion in ilie in'ûergra.nula¡

films anci nosaic fi-ssures as r,¡ell as voluine cliffusion in i;he iliffer-
eni phases. ìögraiion of io:'ls or atoäls aJ-ong erys'bal boundaries or

even through solíds aÐpears to lre universs.rly aecep'bed, I{or.rever,

the roagni'br-rde of rhe effee i;s that this form of materiaj iransfer

aciu.alry produces in i:oclts is a na'¿ter of greai, controversy*

Cl,her pïoces.ses of i;ransportaiion are readÍI)r available. t,Iaier

and obher" voleiile sul'rsl;¿-¡'lces are prac'bically ah,ia;vs p::esenb, ¿.'b least

in sna.lr amor.in-Ls, in arl roc[';s, and are l-i-bera.ied in lerge amoun-bs by

igneous ac'Livity, thereby provicling a univers¡.r a_nd effective r:edium

for the iransportation of material"

tl'lso, in many erees, a.n aikari-¡ieh mobire phase, some kind. of

eniana'¿ion, is pr.-oduced, i+hich by means of infit-i;r'aiion, perrneationu

and diffusi oh¡ efÍects metasomatÍc gr.ani-iization Lry pz.ocesses of

ionic migratíon ùhrough solids" This involves not onl¡r tr6u addition

of eLeinenis charac-beristic of graniie rocks, su-cir as iJa, I{, anc eiJ-ie a,

bu-b arso the rernorrar cf the sLipe::fru-ous onese si¿ch as cu.u l',iq, a.nd Fe"

The na'cure of i;he mobile ageni is again contr"oversial but sucir move-

nen',, nust Ìre along crys'Þ,l anc-l grain boundari es ancl throu.gh cra,stal

lai,-bices"

Diffusion in the soliCl sta{,e ean occul- onl;;. slrsr Lj_ni.r,ed disi;
ances in magnatic siiicaies" soric- diffusion in the surphid_es, on

the o'bhe;: hanci, is exirernely irqpo::tan'b and ta-lies r:lace aosi ¡oadi.l..,
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{i'hKirsi;r}' ancì i{en',eciyr 1'.,5J z p*];íg}, also, diíf irsíon in the pres*

ence oil gases e.nd, u-cruids, a.long Lat,ii-ce bounde.ries, eic", can take
place ove¡ mi-Lch grea,ter d-isi;¿,'nces and is no dor-ibi, an inçortant nethod

of r¡a'ierial- transfer' Bot,h processes must also be importe.n¿ and ac-L*

ive du¡ing ihe forrnaiion of rnan¡' suJ-;:rhicl.e ore deposits,

The forl.or.iing tlreories of origÍn have been suggestecl for the

tirree deposi òsr

- llydro'bhernal solLrtions

- Suiphioe injection

- Fu_mar.olic

- Sediinelrl,ary

The data for the th::ee deposits incícp.tes üre folror,ringr

fepi¿!Åsi- !þeqr:+ee

ã.ø Piydro-i,lier¡nal soittiions t¡i-bl-r cons-Lantbffipera'cure and. presslure

conditions" corurosit'ion of the sor-urtion remaining unch.anged..

b. Sulphíd.e injection' Elenents deposited coniernporaneou-sly-,

rn the seciion on theorotiear conside::a.,,ions, it has been Ín-
dieai;ed that copper-zinc conbine.r:ions a.re characteristic of gabbros

anc- dio::iies, ancl hígh zrnc l¡iih nocreraie copper and lead a.re char*

acteristic of intermedie-be rocks in Canadian ore cleposits" lìesidual

solu'.i:ions resuli;ing fron 'bhe cliffereniiation of a basÍc or in.ì:erned*

iaie ma.gma con-Laining cu, Fb, än, Äuu ancl ;lg shou.rcì be enricheci in
these eieinents due i:o thei:: ioni-c Þroper.iies e.ncl -t,hernocl¡rnamic ¡:ei-
aiions. rf the sulphrrr: concentratÍon of the inagna r+as very lor.+o t,hen

ihese elements, if preseni;u l+oulcl be enr:'-cired in the hydrotherrnal phase
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if one forned. 'Ire.ns¡;or'r, to and delosi'bion -ìn the deoosii site

i.r¡iCer constant, -ten'Þerar;ure and olresslirie coariiiiorrs wouid resuli in

an oreirocl.Jr conta.ining ::easonabl;r corisiant meta} ratios end dlsi;rib*

uiions" If the parent må.g¡rla. containeC sufficieni sulphr-rr so ì,hat an

iär':iiscible sulphicie li-quid formed and in r,rhich Cu, Pb, Zn, Âu., and

Ag became en::ich-ed, injeciion of i;Lris sulphide liqu,iii in'Lo ihe dep*

osition site shoulc again )rield. an orebod)r containi::g reasonabl¡r

constant metal rati-os and dis'uributions. Furiher differentíation of

eil;her of these flu-id.s in lhe rileposition site sho'.rlc r.esulb in the

distribu'Lions of metai"s observed at these three deposits" ¡letal

dis'i:ributions suggest 'r,ha'o aI1. illeta.ls l^rere car"ried símu.ltaneously' by

ihe o::e fluid anci. r,¡ere deposited. according to the i:ari;ition ratios

betr"een ore fluid anrl solid roeh"

zu*slrlesïr-æ
a" f{ydro-thermat sol-ì.rtions u-nder vaz';iing i;enper.a.ì,ure and pressLlre

condiì;ions resuliing in suceessive deposi tion from solu-',,ions of ci'ranging

conrÌros j-'bion"

1¡. ftunaroLj-c, Tenperal,u,¿'ee pressure, and corrrposj-tion of the

gð.seous phase r.¡ould be continually cira"nging,

cn Sedinentary (sJtrtl-enetic), The base metal con-boni of common

sediinen-bary roclcs is similar to the everage content of meÌ,¿.Ls in the

cru-st r^¡Trereas the base metals are greaily concentraiecl in common

ì-gneous rochs anci, noreovere are concentrated. in the sane groups and

ratios as are found in Cenadia.n sr.ilphide ore denosiis (Uilson and

Anderson, Lg5ot t p-20).
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Deposiiion resui-iing fron these rrunlikel_;,'rt origins l,¡ould no.i;

¡rield deposiis r+'ì th cons-r,e.n-i, neta,l r.a.lios" 'fn genere,l, cornpletel;,

ra.ndon¡ riistributions shourd be expecied" The rei¿riivel¡, consta.nt

composii;ion of nan¡' h¡rd¡o-Lhernal ores from level to revel- reads io
question:ing of tne theory tha'¡ r,reta.ls ar-e a.ir.¡ai¡s cleposiied Éuccess*

ively i-n a time or ternperatu,re sesuenceo
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Thås li-a:i-ted study of ',,he corirpositions of Canadian base netal

deposÍts containing coppere lead, or zinc and precicus rnetal"s suggests

that in the presence of significani amounts of eopper and zine and

ro:inor Lead, g3:ea.ter amou¡rts of gold are proferen-r,ialiy assocíated

with the copper-zine eonbination. In ihe presense of sígnifåcant

amounts of lead and zinc l¡here coppev ås a 'minor constituent,

g:'eater" amounts of siLver are preferentiallsr assoeÍated wi'r,h the

lead*zine eombinaticn" This study suggests i;hat greater quant'itÍes

of gotd relative to the amount of silven âre asstciated wíth

sutphide deposits eonçosed essentiall-y of copper and zine" t'fhere

leacl and øine are th.e essential sulphides presentu th.e a.moun'c of

gold reJ.atírre to sil-ver is generally less and siiver is often ihe

only signifieant precious metal present, The distributiorrs of gold

and silver in base netaJ. deposits rnay be a.n indirect method of

deternrining the eoncentrations of these precíous metals ín afl

associated igneous roelç'

tonparison of '',hese resuits r'¡ith a triangular diagram contain*

ing eontours for. tlre silic¿¡ eontent of ipgreoue rocks fi:rther suggests

that the l-oi¡ siliea rochs contain higher golcl values, l,lith increasíng

silica content, síl-ver beeomes ihe do-ndnant precic>us metal""
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[þ".e, -J]-Í-e-!riþu"!¿æ*-ef=-l:þ3:e,fui.-i.-11-gh*ee-gaqa=d-í-ei?--B,eeer- i@3aå--peppaiis

Precious metal associations in ihe tluee oro deposits were

fou:rd to be as follol.'ss

l, Verniiion take Inäne. .Au ancl .{g dir.ectl¡r proportion¿.l to

üu, Pb, anð" Zn,

2, Geco Mines Linrited, Ág directly proporti"onai" to üu.

j, Flin FIon l4ine. "Au and Ag directly proportional to CIu"

The siud.y of the conrposÍ-tions of ihree üanadian base metai-

deposits t+åth respect -uo the distrit:uiioas of the econon-lc metal-s

eontained therein has suggested that the rneta.l"s have been deposited

conteärporaneously by the injection of a singl-e ore fllïid (sutphide

meLt) or by deposition, e.t eluost eonst¿¡t ienperature and preÊsurÐ,

from a hydrothermal fluid, and. that the r¡etale i+ere then distrÍbuted

a:rd deposited acsording to sor¡e partieular disirii:uticn or partition

ratio betr.¡een ihe ore flidd and the geologíc environment of the

deposit. The deposition of ninerals in a time segrf,eneee one a.fter

the other, is difficult to justÍfy when statistical anal}rssg

indícate that the rnetals oecur in relatively eonstant -proportions

t'o one anothen,

During fre.ctional crystalLi-zation of, a basíc magmae eertain

metallis elenents r.¡íI1 be p*"får*rrtiall"y enriehed 'ín'the different'

phases that tend to form, The distribution of the elements is

eonirolled by ih.eår ionie properties and thermod¡maraie potentials,

Depending on the concentre.tion of sulphur iy¡ the origínal lnagrÌae en

ånr:iseible sutphide liquid ruaff form" tu, Pbu Xn, ancl Á,gu if present,
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should be enz"iciled in this sulphíde J-iqluíd d.ue tc the strong çLialco-

phile tendeneies of thes+ elements" .{u, due to its apparent pr"eferent-

ial assoeie'bion l¡ith Cu. and Zn anci ån the absence of a siderophil-e

phase, l.¡ould also becorae eirriched Ín the suLphíde tíquid." Injeetion

of this enriched. sulphide liquid into a deposi-tion site shoul-d

result in the forma.tion of an orebod;r typified by relatívely eonstant

metal ratios. ïn the absenee of an imniscibte sutphide phase, Cu, Fb,

En, Âu, and "Ag, if present, r,rould tend to Ì:e enriehed ån the hydr"o-

thernrn.l phase that formed. Injeetion (ín a single stage) of this

enriehed hydrother¡naL f,lu-i,d into a deposition eite under eonstant

teuperature and pressure eondítions should also resuLb in the formation

of an orebod¡r contaíning rel-atårrely eons'bant metaL ra.tios.

Variation in inetal ratios may be eausecl by the formatíon or

e:çulsícn of the ore fluid from the magne chamber at dífÍerent stages

so that the eomposition of i'he fl-uid vayies r+ith the amo'unt of magua

crystatl-ized as suggested. by H" Iüeumann (fç¿glu by vaqring pþsieat-

ehenieal eonditions at the depositioa site andu by varying thermc*

d;mamie relations of the nj-nerals involved, gÍving ríse to r¡arious

partiùíon ratios for the elenents"

-{n interpretation based on the constancy of rnetal ratios leads

to the assumption'r,hat the ore minerals (or rietals) sueh as chalco-

p¡mite, sphaS-erite, galena, go1d, end silvere nÞy not be deposíted

suceessirrely 5-n a. ii¡:ie seqirence at any one l-oeation in an orebod¡r,

but are depclsited more or Less eontens)oraxeously" Consequently, the

observed textures of the ore mj-nerals may be due to metamorphísrn or
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reheai:ing, or to cooling prooeËsrs such as ir, the anneal-ing of atloyse

and no'r, t+ith the order of crystaLLi ze"f"íon, The ois-r,r.ibutíons of the

various elenen'cs and the tÍrcing of deposi-tíc¡nal events are too perfeet*

j-y syachronÍzed. to be coineidental"

The forma'r,ion of rsassive and d'i ssen-inated ore types may possibäy

be the resuLt of ore minerels in:igra.ting out, from a. eenter due to

ehangíng teurperaturee pressure, and chemical- conditions in the site

of deposition or nay be due to tr+o suecessirre nrineralizatlon periods,

Hor+ever, plotting a:rd etatistice.l analyses of the medÍan val-ues

indicates thai; there is consid.erable consisteney of nietaL ratios in

the deposits studied" that such agreeraent oourl"d. be obtained from

successive periocls of nrineraL|zation appÕars unlikely.

Although some definite genetie relations are suggested by

stetistíeal sùudies of metal ratios and distributions, the results

arç not conclusive. fn any siatistieal study, the iarger 'che amoi:nt

of, data analyzedu 'i;he more eonclusj-ve 'bhe findings" Sin:Í-lar treat:

rnent is required for a greater ni"unbey of tanadia:r base metaL deposÍts"

Increased studj-es may result ín the eetablisir.ing of several gpCIlips

in'bo i"¡hieh rnost ore deposíts r¡ouLd fall" Comparison of the geolory

of the deposits falling in the seme groups may lead 'iio nen lines

of approach regarding genesis" I¡nrch of 'che statistical r+ork eould

be ini.tiated at the mining properties, followed by eor4rilation of

the data at, a central loeation.

ït is readi}-y apparent that, the nretal eontent of ore reÉerl'es
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is Lacking in imporiani d¿ta, It r,¡ould be beneficia.l if reserlre

figu-r'es Írreluded values fov r¡letals present bu'b not considered to be

of eeonoiRic value, such as minor lead a'i, copper-zinc properi;ies"

Fron the daia compiled in ttríe study, it is apparent that

su.eh statístical studi-es Taa¡r sotrr"ibui:e to the knoi+ledge of tire

formaùion of orebodÍes"

The higtograrus of abunde.aceË of inoividual elenents in eaclr

of -r,he propertíes studied, iuhatever tiieir form, are usuaï-Ly regular

and eloee 'bo unj-modal" Sr:.ehr dis'r,ributions are n:ost frequently right

skeçred and J-shaped r¡hi-l.e othere do approaeh nor'rual types" Håste*

gre,ms indicat,e the eentral" tendeney and the d.egree of dispersion

or deviation from the eentra"I tendeney, Sharp peaks generally

indicate very little dispersion i+hereas broad peal<s are the reÊul'ü

of consid,era.ble díspersion aboi;t the mean or medi-en" ïn generalu

such histograms yield no clus a.s to the origin of the deposit. They

give only the mean, modeu or median value of the assay of the ele*

ments and give a general picture of the distributir:n of ihe elernents

in the varÍous ore i;pes or f,or the rcine in gene:'al. Stanton (fç¡g)

believes that siailaríty in shape in any single cieposit indieates

that soue najor factor has governed tl're deposítio:r of ùhe netals,

However, sinilar dis'oribui;io'rrs NuCies ab mJ-ning properties of

igneous origin yield disiributirns sinila"r to ihose proposed to

indicate a sedii¡entary origin, r'b is suggested thai such indi-riCual

eleroent hi-qtogran stud:ies do no"i; aj"d ín the deterrai"nati on of genesis

of sulph:lde orebodies.



BTB],IÛGRA?iíY

Jtndersoir, D, T, , L959u The Dístri'bution of Copper and Ì{ickel- in
I'bgnatie Suli:lrtdes: Unpubl" i'{" Se,, Unitr" of i&.ni'¿ol¡a.

A.Leoek, F" J" e L93Ae Zinc and lead Deposits ef üanad.ae G." S" t.
Econ. Geol"" Series i'io, 8, Kingu s Prin'ber,

,A.zarof:f, L" "çr, e L95O.- fni;:'oduction to 'Sotåds; I4cGrar,l-llilL Book üo.
ïnc" o I'lei+ Yortrr, Toron'bo, London,

Bror+nel}, G" l'Í", and Kinkel, A, R.3 L935, The FIin Flon Ìtine: The
Geolory- and Paragenesís of i;he Ore Deposite ü. I l'Í" Ì'f. ÊutrJ-.,
I{o" 279 u p"26L.

Berrye l. G, Þ end i&son, 8", L959 e i'íineralog¡rå W" I{" Freeman and to, ,
San Fransico and London"

Barih, T. F. -l'f", L962, Theoretical Petrolory: John i,JiJ-ey and Soias
ïne", iil-er,¡ forlc and London,

Ba'ceman, '{" }'å , L959, Economie },fi-nenal Depositsr 2nd ed" u Jo}rrr Ï,li}ets
and. Sons ïne, u Nel¡ York and Lond.on.

Deer, l^I" 4", Hovrie, R. A.e ând Zussmå"n, J., L962, Rock Forrn:ing
Minerals, vol" J, i'Ion-silicates: Longiu:,ns, Green, and to"e ttd"

Edr"¡ardse A" B. , Lg1luu Textures of the 0¿"e FlineraLs and Theår
Significaneeã Àustralian fnst. of J'ti"n" and. FIe'b", 2nd ecl"

Goldscirrddie V" iul" e L937, The lrrneiples of Distributlon of the
Chemi-ea1 Elements in Í'b-nerals and Roekss Jour" then" Soc,o
pp" 655*673.

-s 

L954, Geochenristry: oxford Press.

Hai+Ley, J. E", et al, L962e The Éiudbury Ores: Their !íineralogy anC
Origin* Can" iväneralogisrb, voI" 7, pt" J.

Hoffman, F,, Lg3Lc Ðío Goid" Silberlagerstätte von Titiciri
(Kolumbien)e Xíets f. prakt. Geol, 39", p.p" L*L3.

Ktlbi:rn, L. to e L96Oe I{íckel, Cobatt, üopper, Einc, Leadu and Sulphr:r
tonten'i:s of Some liorth rlmec"icen Base fobtat SutpirS.de Oresc Eeon.
Geol, e vûl, 55"

1(offiiian, .å.. /..", taÍrns, R" B"e å$d Ïrice, R" l,, L962, Hecent Evidenee



L5!+

OoncernÍng the Occurrenee and Deposit'ion of Sulphi.des ín Èhe
Pre*tanbrlan Shíeld (abs,)t C. I. M" M, Bull*, vÕl" 55, No. 5992

P" 19&'

Krauskopf, K" Bu e L957, The Heaqy l{etaL Content of Magmatíe Vapor at
6000 c; Ecorr. GeoL", vol, 52.

Largfordu Fo Fn o L955u Geolory of the Geco Mlne in the ManÍtouædge
Area, Distríet of lhunder Bay, Ontariol Unprbl' M, A, Thesis,
Queenrs Univ"

l.[artin, W" C" e Jlg57, ErrÍngton and Vermilion leke Mines: C" Iu Mn M"

Stn'cturaT- Geology of Canadian tre Deposits, vol. 2.

MastinÍtsky, f" u L9l+l+, 0n some cases of fonnation of disperse gold
segregá.tions in iron sulpÈrÍdesc CompLe" Rercl. (noHaay) de Lr
Aead, SeÍ. de 1! IJRSS., lo5u pp, 385*388.

McKinsùrye Fl" 8., ad Kennedy, G. C., L957t The Sequence of Certaín
Ore }4fneraLs; Eeon" Geo1,, vol" l2o No. l¡, p" 389.

Mason, 8., L958, Principles of Geochemistryl JohnlJiley and SoRs fnc",
New York and Iondon.

Neumann, H", 1948, On Eydrothennal Differentlation; Econ, Geo1u,
volu &3,

l$éwhouse, W" ll, o L936, Opaque Od-des and Sulphides fn Cømon lgneous
Boeks: BuIl. G, S. 4., vo1 !çf, pp. L-52"

tindgren Volurne, 1933,Ore Deposits of the Tfestern StaÈes: A. L" ¡{" E"

Pye, E, G"u L957t The Geology of the Manítonwadge Area: 66th Ann,
Eep,, Ont" Ðept" of Mines, vol, LKII, part 8.

Pauling, Linus, Lqn, The Siøe of fons and the Strueture of Ïonic
Crystals: Jour, Am" Cera-m, Soc., voI, 49"

Bankaøa, K., and Saha^raao Th. G., L95O, Geoche¡nistryr Univ" of
ChÍcago Press,

Småthe Fo G., 1961, Metallic Sulphide Melts as lgneoue Ðifferentlates;
Can. Kineralogist, voI" 6,

Spurr, J" Eu e L923e The Ore Magnas: vols" 1 and 2, lst ed., McGraw-
Fllll Book Co. Ine., New York"

Stanton, R" t., L958e Abundances of Copper, Iead, and Zine Ln Some
Sutphíde ÐeposÍts: Jour. Geol., vol, 66,



L55

stíi.lwell, F. tu, ad Edwards, A. B. o f7l+6u 0n âhe @eurrenee of
sub-mieroscopie goLd in ¡yrite f,rom the Dolphin East Lode,
Tarnrau Ffjii: Ausûralíar¡ Inst" Þ{ín" Met., Proc' 34}"

Vsgbo J" fl" t., 1918e Die Sulphld: Silíkatschnetrzltssungenl Víd-
Selgk" Skr", I. M. N. KL", No" 1.

Wager, t" 8., and }4itehell, R. t"r }9l+8s The Ðlsbribr¡tíon of Gr, V,
!üå, Co, ar¡d Cu during ttre fracsíonal crystallizabion of a bagie
mag@: XVIII Iþtern, GeoL. Cong.

-e 

VÍneent, E. 4,, srnaJ.es, A. A', and BarthoLome, P', Lg57o*-**ffiiphides iír tfre Súaergaard Intrusionu East Greenlard? Econ.
Geol", voL, 52"

Wedepohl, Ko t{. , Lg53t Untersue}.¿rngen wrr Geoche¡oåe dee Zlnks:
699çþlrniea and Cosaoehemiea Acta, vol" 3g Þ" 12I+"

Wetlsu 4." F, e L962e Structural. Tnorganfe Chenistrlfs 3rd ed.¡
Clarendon Preseu Oxford,

X{ilson, [1" D. 8., T953, Geology and Geochemistry sf Base Meta]
Ðeposits: Ecorr, Geol", voI. 48.

_e and And,erson, D" T"¡ 1959, The Conpositíon of Canadían-Sulphide 
One DepositE: Trano" C. I, M" M., voL, T,XTI"

Ziesu E" Gu , L9&o The fi¡marollc iner:r¡EtaÈÍons in the Valley of Ten
Ttoueand Snokes: Naô" Geograph" Soe", ContrÍbnrted Tech" Paprs,
J.o Kata,nral Serles, l{o" 3e p, L57"



Þ b L*
J

E
J

\J
ì

Õ
.



Le
ve

l

T
A

IJ
Ld

 I.
[. 

D
is

i::
'ib

u'
bi

on
 o

f 
ì'æ

r,
al

 iì
'a

i;i
o$

 in
 t

he
 N

o"
 /¡

Z
on

e,
 V

er
ni

llo
n 

La
kr

¡ 
l"l

i-n
e'

tr 6 7 9
T

ot
aI

0"
0

L6
2

88 LT
3

lr3
2

0"
I ¿

O
,2

T
O 28 u 60

7 
J4

-8
5U

rr
0

2L
 

/+
2 

/+
L

23
 

22
 

36
56

 r
02

 
95

0.
3

Z
p-

C
u+

P
b+

Z
n

0"
/+

 0
"5

 
0"

6 
0"

7

Le
ve

l

F
re

qu
en

cy

2L
 

37
I0

 
32

/,2
 

66
3L

 
62

r0
/-

 L
97

T
A

B
T

E
 2

4"
 D

is
tr

lb
ut

lo
n 

of
 I'

bt
al

 R
at

io
s 

l-n
 t

he
 N

o'
 /+

Z
on

e,
 V

er
m

lli
on

 L
ak

e 
I'l

ln
e.

, Lþ () 7

T
o'

ta
L

0"
0 B
4

nO lo
2 

i"1
.

i-r
>

)

55
8

0.
8

*0
.2

 .
 -o

r_
3_

 gå
:*

aJ
__

Q
,é

_ 
-g

-L
 -

96
55

14
r0

75
7L

65
33

n2
L9

b)
 

i2
û 

..Ì
:] 

l0
 

9 
I

L5
') 

74
 

,::
+

 
6 

2 
/+

1,
85

 3
U

 
ro

û 
53

 
n 

L9

l+
6

L3
2

I@ 36
6

o.
 r 

o,
2 

o.
3 

o.
4 

0.
5 

0,
6

(r
ie

ur
e 

l/*
 1

n 
pa

rt
)

3L 28 5L /+
2

L5
2

0.
9

16
di

an
V

al
ue

II L6
I

lv
\

ffi
Ë

t-
ã 

F
re

qu
en

cY

"6
35

2
" 

17
00

.6
02

3
"5

7L
O

"5
55

2

o.
7 /, IT 2õ

0"
8

(n
ig

ur
o 

15
 in

 p
ar

t)23 T
O

 
L2

10
8

1* 23
 

23

0,
9

Ì4
ed

la
n

V
al

ue

.L
58

5
,2

3Q
O

a,
1,

!¿
!¡

1-
)

"L
53

5
\lt {



Le
ve

I

T
À

Lì
Lä

 J
Â

. 
D

is
tr

lb
ut

io
n

V
er

ni
lio

n 
La

ke

t, 6 7 9
T

ot
aI

o.
c0

 0
"0

1 
0,

02
 0

"0
3 

0.
0/

, 
o"

05
 0

"

/+
O

 U
5

56
 

98
7/

+
 L

5t
,

79
 

ú6
u9

 
53

3

90
 

/+
9

65
2I

J-
88

 
/+

2

Io
8 

30
35

L 
L5

0

of
 Ií

et
,:L

 R
at

io
s 

in
 th

e
l'f

l-n
o.

u-
_

A
u+

A

38 3/
,

L6 L9 I0
7

F
re

qu
en

cy

L2 L9 L2 10 53

T
A

B
I,E

 4
4,

 D
is

tr
ib

ut
lo

n 
of

 ì4
et

al
 R

at
io

s 
in

 t
he

 N
o.

 /o
Z

on
a,

 V
er

m
ill

on
 L

ak
e 

}f
in

e.

/, 6 rl 9
T

ot
al

l.'
ün

e

.F
re

ot
te

nc
v

I1 t1 3 6 3I

0"
C

I7
 0

"0
8 

0"
@

to
8 

/.7
u6

 
27

L9
7 

85
t!!

t 
L/

-
ì.2

!:i
 

uu

57
5 

22
5

95
0 

3/
A

2 2 2
1T

(n
tg

ur
e 

16
 in

 p
ar

t)61 2L
3

I8 L2 II 
21

,

20
 

2/
+

2,
2 

æ
^1

 
^-

1

rt
9 

t1
/+

L7
6 

L6
9

M
ed

la
n

V
al

ue

,0
2@

"0
2I

1
" 
01

69
.0

18
3

,0
lg

5

u 2l
u

35 1t

LO
/,

T
77

t0 25 ¿
)

i-t
l

7/
þ

13
0

9 L7 L5 i.8 59 L3
/'

(F
ig

u;
"c

 I
? 

ln
 p

aL
r''

t;)

tl 
27

22
 

31
L6

 
1,

1.

2l
 

Íi0
70

 
18

2
L5

6 
/,"

3O

l"f
ed

ia
n

V
al

uo

r-
68

1
30

52

-t
 

l 
lt/

-
Í,L

i. 
i r

)

20
00

.2
63

5
H \n g)



FREQUEIJCY DTSTRIBUTIOÌ{ TAI3LE 5A

IrïtrE: VERMII,ION L{KE NIIN-E (nigure 19 )

L59

ORE TIPE: n{ine ORE ZOirlE: Mine Randoms
caÉls9
tNtER-
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Êu

1".¡r)

ASSAY --- 
FREQUEIICY

ITITERVAL coPPÉ(?
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5 o

t.<
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I

,."1

.oi
-l3.ol ,r.

+, o
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6.o
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i

,r,o1

o
,êÒç fie il3 73 26 2n t1 L 5 I

)ê8
loo 3L 3? 2t 3s lô to 2 I

.ot7a 5t I5 tz 1 9 ll I ?
o,'f5

?o 23 l" t+ I9 ft ll +
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t1 + 5 2 2 5 L+ + t
,t75

.o42a +6 t9 6 5 9 L 3 9 3
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. oqZS ?7 r6 I 3 + + + 6 3

Æ5
.o47! 6 5 7 + 3

t+75
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-o67: to il 9 + z I 7 2

.ôâ75 3 z I
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.o7E 3 t 3 z
07z)

.o11 3 I
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õJ 3 3 z

Þ825
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- o975 3 I
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toS ? I
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.t5< I I I
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:ro:fAL
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FREQUE}ICY DTSTR,IBUTIOiiI TABLE 6A

VERIflILTON I,AKE MTT.TE ( ¡'igure 20 )

r"6CI

lf-flìTA-.l'l¿l!!.

ORE Ï,lline ORE ZO}IE: T,.{ine Randoms
FREQUEI'ICY

vâL.

âu
(oz/r)

INTERVAL L 6,Á o (ø eta tt'r PEsc€Nr\.
7.5 l}.o i+'o ls'oo

o,5
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.qABLE 7 A L6L

VEN¡,fiIIO]' TJ-{KE ffÏNE (rigure 2r)!trr!!.

ORE Tûine ORE t'fine Rand.omsTYPE:

FREQUENCY

v4L.

A"
(ozþ)

ASSAY I]{TERVAL z'Nc (æEt c,tt PeRceNt)
7t3.oi ! ì I '-rlttrl3.o

3.s

,.s l1.o y5." ll., ltt.o
Irl-:-l-

+."1 l.ol -¡.oi //.o' t

.+ I t." I r,t lz.o \z.s
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FRXOUS}JCY DTSTR,IBUTIOIJ TÂBLI' BA 1LT)

VEBI{ILIS1q 1AKE ¡ÅISE ( I'igure 22)
ORE TYPE: I'Íine OF,E ZOIIE: I{ine Randoms
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VER1UILI0N LAKI1 ii'TINE ( Eleure Z6 )
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